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’ PREFACE 

» ^ * 

To 4>erform his woik intelligently, an artizau rmisf/lmve a 

knowledge of Elementary Mathematics. When lfi comes* to 

appreciate this fact for himself the workman generally funk 

that even the arithmetic he lfprnt at school has left him, apd 

he remembers little more than four simple rules and the 

multiplication table. Teachers soon discover that though 

anxtous to learn, a student of this kind does not wish to lose 

contact with the practical requirements of the workshop,— 

he is impatient of “pure” mathematics,- s<^ the question arises 

how to teach him mathematics enough, by dealing with the 

calculations themselves which he is actually called upon to 

make ^.t his # %)rk. • 

The plan whicflPWrhund most successful is a compromise. 

It is lifeless to say that all ^s t^ -uits ought to learn tho broad 
principles of mathematics^ first, and apply them afterwards. 
Experience has proved that most artizans will not attend 
classes where tho^irh critics decide that this is tho only 
course. 

To meSNthe difficulty classes in Workshop Arithmetic, 
Workshop Calculations and Practical Mathematics ,*have grown 
up, i*nd it is to provide for young workmen beginning to attend 
one of these classes that this little lxx>k has been prepared.* It ^ 
will form with Part I. an introduction to my larger volume 
on u Practical Mathematic^”-, tvfeich has been received very 



PREFACE 


• favo^ibly, and^will, I trust, prove serviceable ^^fT*cla8S. of 
students who deserve every assistance. ^ 

A long experience iu my own classy has convMK^mfc that 
the solution of a large number of carefully gradu^ed excises 
of a practical kind is the l)est way to maintai^jfre yito/est of* 
the student. It will cous^ucntly be foflliohat J /e most 
prominent characteristics Tf the present book, of 

Part L, is the subordination of rigid matha^tfeal mnof to 
\jhe provision of numerous problems drawn fom th^s^eiffs 
ev^jky exjjerience. * + m 

FRANK CASTJ5E. 

London, 


At the end of th» edition Miscellaneous Exercises have been 
added, arranged in sections, corresponding roughly to those 
adopted in the bohk. It is hoped that these maybe found' 
useful eiflier for working simultaneously withjthe sections to 
which they refer, or as revision exercj ^ f ffm e corrections to 
the answers have been inad^and this opportunity ^ taken 
to thank those teachers and^ftffients win* have directed my 
attention to the need for them. 1 also desire to thank the 
Union of Lancashire and Cheshire institutes [L.C.U.], the 
Unt)n of Educational Institutions the National 

Union of Teachers [N.U.T.] and other authorities for their 
permission to use questions from examination pap^reT 

F. C. 
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SECTION I.— LABOU It-SAVING METHODS. 
CHAPTER r. 

DUODECIMALS. 

In the mensuration of both plane and solid figures, the somewhat 
tedious and troublesome arithmetical operations of multiplica- 
tion, division, involution and evolution are continually required. 
To facilitate such computations, however, many labour-saving 
devices are used by practical men. By such means operations 
which «*herwis^ would involve considerable labour, con- 
sequent risk t)f*e:Te" .?re^>erformed readily and in many cases 
almost meclianically. 

In Part I. of this course the subject of Mensuration, as far a* 
plane figures, has been considered, and before proceeding further 
it will be advantageous j£o describe some of these shortened 
methods which are in ^^neral use. 

Amotigst the many forms of hdxmr-saving contrivances we 
can only refejjx) a few. Perhaps the most common is that of a 
carefully compiled table of numbers by means of which, know- 
ing the weight or price of a single article, the weight or price of 
any number can at once be ascertained. Such tables- constitute 
the so-called “ ready reckoners. ” 

u Also, in special cases where a large amount of multiplication, 
division, etc., has to be performed,, one or other of the many 
W.M. II* A « 
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forn* of calculating machines may be used) These are, how-. 
• over, War too expensive* for general use. Ben??, when it is 
necessary for any practical purjKme to multiply or divide one sut 
of numbers by another, contracted imBhods of niultipHbatipn, as 
shown in Patt 1. p. 30, mav be adopted ; or, in some cases, what 
lire called duodecimals may be used with advan^fe. 9 • 

Hut in all cases probably the best aniWuost trustworthy ( 
method of perform ini' tlertl liferent arithmetical processes is by 
means of hxjarttfnus, * * 

Duodecimals. When it is required to multiply two quanti- 
ties together, in which bofli multiplier and multiplicand are , 
expressed in feet and inelies, we may i educe the given quantities 
to feet, and fraetional parts of a foot, and obtain the prod net in 
square foot by using either vulgar or decimal fractions. Or, 
Imfch the given terms may be^ex pi essed in inches, when the 
product will be in square inches. 

Hy the method of duodecimals, piucticully used by bricklayers, 
painters, gla/ieis, and others engaged in the building trades, in 
estimating their work, it is not necessary to reduce lengths, etc., 
to the same denomination. The process is in many respects 
nnalagous to the lgultiplieation of decimals. 

The unit, one /out, is divided into 1*2 primes (1') ; the primes 
are each divided into 12 seconds (1"); and each second again 
into 12^ thuds (1 ") ; and llu^e are divided inty 2 fourths (l <r ), 
and so on. The word *paits is somgpj^s mri^ instead of 
‘ seconds. 1 ^ 

•The divisions and subdivisions of the square foot art; called 
superficial pi hues, seconds, etc. ; and in the wbdi vision of cubes 
the parts are called cubic primes, cw/uc seconds, and so on. 

In tlie lirst place, then, the product \k^eet multiplied by feet 
is failed square feet. The product of primes and feet arosmper- 
fieial primes: thus, 1 prime - x \, sq. ft., and 1 pri n m multiplied 
by 1 foot=,\,xl~l superficial prime. In a similar manner, 
the prod ii A of feet and seconds are called superficial seconds. 

The process of multiplication and the conversion of the.result 
toAuhie measure may Iks shown by a simple example : 

Ex. !. (a) Find the product of 4 ft 8 in. and 3 ft. 2 in. ( b ) Mul-' 
tiply the product by 10 ft. 2$ in. 
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lift, 2' 

4 8 

12 ft. S' 

2 i r 

14 ft. 9' 4" 


Mtthod.—{a ) Write down the two given dimensions so th^f like 
quantities arf Irmfediately under each other. * • • 

Begjn with the number denoting I eet * n tho multi- 
plier amtetfce lowest dnn%ision in the multiplicand, 
and carry one to the left for eveiy 12 in each product. 

,Next niultipl^^v the inches; cany one as bcfoio and 
set down* the one place to the right of the 

former p^xluct ; proceed in like matter with a thiid 
dimension whe^ono is pf Rent 

Thus, in the %ihovc example, multiplying by 4 we haw; the 
product of 3 ft. 2' by 4 12 ft. 8', us shown. 

Next, multiplying l>v 8 we have 8*2 10 - 12 t i. Wo set down 
the 4 # one place to the right, and carry I to the next tiguio. Then 
8x3-24 and 1 carried from the list tiguie make-, 25 -- 24 I 1. *So 
we set down 1 and carry 2 to the next place 

Adding these, the pioduct is 14 .sq. ft. t 9 supci tidal primes 
+ 4 superficial seconds. • 

This may l>e converted into squat c fed and Mpiaie inches as 
follows : 

14 sq. ft. +9' 1 4" - 14 sq. ft- I ( 1 j 4 i 1 t ) * 1 1 1 mj. in. 

- 14 Sq. ft. t ( { '/J + , J I H sq. 111 . 

-- 14 sq. ft. I 112 sq. m 

Aa already indicated in Part I., p 113, tie product of two 
given lengths, or linear dimensions, wuiesponds to the area of a 
rectangle, and i« denoted by square feet, square in clientele. In 
like manner jAen the pioduct is multiplied In a t him* length, 
called the altitude, fchi^height, or the thnkuess, the result is 
expressed by cubic feet, cubic inches, et< , and corresponds J*> 
the volume of a given solid. 

• 

(A) We have now f to multiply the product 14 sq. ft. 9' 4" 

10 ft. 2£ in. / 

Now 10 ft. 2* in. - lfi ft. 4 2 in. ~ 10 ft. 2' 0". - 

As before, we commence by multiplying 
by 10; thus^O x 4 — 40. Hence we carry 3 
prime* to the next figure and write down the 
remaining 4 seconds. Next, 

’ 10x9 + 3-93-(7 x 12) + 9. 

This gives 7 to be carried to the next figure, 
and the remainder 9 is written down. 

Finally, 10x14+7 = 147. 


l*.v 


14 ft. 9' 4” 

10 js <; 

147 ft. 9 4" 

2 5 6 8"; 

,7 4 8 


Oh 


150 ft. Uf 3" 4'" 
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Th^ remaining two products are found in like manner ; and, on , 
adding|>the voluml is found to be 150 cub. ft. lOc^b. ffrimes + 3 cub. 
seconds + 4 cub. thirds or ^ 

150 cub. ft. + ft ? + i i i + i 7 4 a J) x 1728 cub. inf* 3 
- 150 cub. ft. f 1480 cub. in. 


ex ^ Arises, i. 

Find by duodecimals, and express in square tcet/inigics, etc., ttie 
areas of rectangles whose lengths and breadths ure 

I, 4 ft. 7 in. and 9 ft. 0 in.* 2. 17 ft. 8 in. and 11 ft. 3 in. 

3, 2 ft. 3 in. and 5 ft. 7 in. 4. 9 ft. 10 in. 5" and 10 ft. 5 in. 0", 

c 

Express in cubic feet, inches, etc., the volumes of boIIJs whose 
lengths, breadths and altitudes arc 

5. 10 ft. 25 in , 4 ft. 8 in., nm|p<) ft. 4 in. 

6. 23 ft. 3 in., 15 ft. (i in., and 18 ft. 7 in. 

7 . 3 ft 5 in., 4 ft. 9 in , and 8 ft, 7 in. 

8. 9 ft. 3 in., 11 ft. f> in., and 3 ft. 2 in. 

9. 2 ft. 9 in , 1 ft, 8 in., and 1 ft. 4 in. 

10 . 13 ft. 7 in., 9 It. 3 in., and 2 ft. 5 in. 

II. 4 ft. 2 in. 7 parts, 3 ft. 2 in. 3 paits, and 7 ft. 5 in. 

12 . 7 ft 5 in. 7 parts, 1 ft. 2 in., and 3 ft. 4 in. 7 parta 

13. 4 7 in., 4 ft. 2 in. 5 parts, and 2 ft. 7 in. ti^gry: 

14 . 3 ft. 8 in. 4', 1 ft. 7 in. O', and 1 ft/T in. 9* 

15. The internal measurements of a wooden l»ox without a lid 

aro: Length, 4 ft. 5 in ; breadth, 3 ft. 7 depth, 2 ft. 5 in. 

Find,ipreterably by the duodecimal method, (l) the volume of the 
box, < ii) the total internal area ot the woqd used. [N.U.T.] 

ie. Find, using duodecimals, the amt <>F*Sin oblong notice-board, 
4 ft. 7| in. long and 2 tl. ti in. wide. [N!U.T.}- 

17. The breadth of an oblong Hour is three quarter*^ its length, 
the perimeter of the Hour is 8U It. 4 in. Find the area of the floor. 

[N.U.T.j; 
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, I/XJARITHMS. 

MULTIPLICATION AND DIVISION BY LOGARITHMS. 

Logarithms and Logarithmic Tables. - -The two moHt im- 
portant labour-saving methods are furnished by logarithm* and 
the dide-nde. Ah it is necessary that both the student and the 
practical man should lx? able to use logarithmic tables with 
ease and facility, and as they may lie used icadily even by those 
who are not acquainted with the manner in which they are 
calculated, it is desirable before entering ^into any explana- 
tion as to the principles on which common and hyperbolic 
logarithms are based to consider how, by means of a table 
of logarithms^ the arithmetical operations of multiplication, 
division, iitvelution an^ evolution are performed. We shall 
also find that many problems which would bo impossible by 
arithmetical processes are readily solved when logarithms 
are used. Again, in using a slide rule, a knowledge of the 
use of logarithms is of service, enabling the significance of its 
divisions to be more, intelligible than would otherwise be the 
case. • # 

Logarithms of numbers consist of an integral part called' the 
i n d ex or characteristic, and a decimal j«n t called the mantissa. 
If the reader will refer to Table III., he will find tSat opposite 
each of the numbers from 10 to 99 four figures are placed. 
These four figures are called the the ckaractenttjc, 

which may be either positive or negative, has to be supplied^ 
when writing down the logarithm of any given number in 
way to be presently described. 
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• \yh|rci great accuracy is required, seven oi|mo*« figures are 
to 1 h> found in tho nymtissa. 

Logarithmic table* of all nmnberyfrom I to lOfl^KX) have 
been calculated with seven figures in the mantissa, but for all 
ordinary purposes, and where only approximate ^eolations are„ 
required, such a table as that shown in Tal^Ill., ]>. KM, and 
known ns fon r-fujmr is very convenient. ^ 

By means i>f the numbers 10 t«» J),9, Ind (<t) tjjose at the top 
of the table, and (/>) those in*the dili’erenee coluflinTm the l'iglit, 
the logarithm of anv number from 0 to 10000 can be written 

i « 

down. 

Jn logarithms all numbers are expressed by the powers of 
some number called (be /wmc. 

J >KFjNTriox.- The logarithm of a number to a given base is 
the index showing the powejt to which that base must be 
raised to give the number. 

'Pirns, if .V denote any number and <t the given base, then by 
raising <f to wine power x we ean get X. This is expressed 
bv tin* equation 

.V - o r . 

Any number eng be used as the base, but, as we shall find, 
tho system of logarithms in which tho baso is 10 is commonly 
used. 

Tlms^jf tho base Ih» 2, then as B~2\ 3 is thn^ogaritfewn of 8 
to tho Ihwo 2. Tliis can also be expressed by writing loggB^. 

In n similar manner, if tho baso bo then 3 is tho logarithm 
o£*l 25 to the base 5; • 

log 5 125 =3. 

AUo 6 4 = 2° =4*4 B 3 . 

ilonee (5 is the log of 64 to tho*baso 2 ; 

* 3 is the log of 64 to the base 4 ; • 

2 is the Jog of 6-1 to the base 8, etc. : 

Iog.>64~0; log,64 — 3; log g 64=2, ere!, 
using in eateh case the abbreviation loy for logarithm. 

Logarithms to the Base 10.— It is most convenient to use 10 
m Yhe lawc for a system of logarithms. It is then only neces- 
sary to print in a table of such logarithms the decimal part or 
mantissa ; the characteristic can, we shall see, be determined by 
inspection. The table* jtre in this way less bulky than would 
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otherwise be4he ^ise. When calculated to a huge 10, logarithms 
are known rh (,'ominon Logarithms. # * 

^inco Hr ; 

• h»g 10 .V =.r, 

br by deti^itio-a, .substituting positive uumbeis f<»r .V, 

As | > - H/'; U% 1-0. 

Also, • 10 . log «! o ,l. 

Again, • % I (K) - 10 3 ; . loj^lOO 2, etc 

In the chapter on Indices (p. 1 111) we liixl that I, or |\,, can lie 
written as 10“ l ; also ‘01, or oifb be written as 10 \ 

Hflnee log • I - log ^ - I , 

and log -01: -2, etc. 

Tile montisxu ix nhrutfx pnAttiiu\ and instiad of writing the 
negative sign in front of the ^laraetensth , it »s customary in 
logarithms to place it over the top; thus, log i is not written 
- 1 but as 1, and log 01 2. 

In the preceding logarithms we have only nisei ted the 
characteristic ; the mantissa consists of a senes of ciphers. 

Thus, log 1-0 0000, 

log 10=10000, 
log 1 00 = 2-0000, and so on. 

As $|ie logarithm of 1 is zero, and log 10 is 1, it is evident 
that the logarithms of all numbers between 1 and 10 vflM consist 
of a certain number of to* cimals. 

Them, log 2 = *3010 indicates, that if we raise 10 to the power 
‘3010 wo shall obtain 2, or ] 0 30,0 — 2. 

In a similar manner, *200 = 2 x 100 might lie written as 
10“ x 10 J01 °, 

• /. 200 = 10 31w,1 \ 

Hence write log 200 = -2-3010. 

The characteristic of a Logarithm.* It will 0 l>e seen by 
reference to Table III. that the logarithms of numbers liecome 
larger as the numbers are larger. 

Referring to Table III., opposite the number 47 we fin<T the 
mantissa *6721, and as 47 lies between 10 ami 100 the character- 
istic is 1. Hence the log of 47 is 1*6721. 
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A<rain*the manlier 470 lies lietween 100 an^ 1QQ0, and there** 
fore the characteristic is in this? case 2 ; 

\ Iog4*0 = 2(ij!l. m * 

In a similar manner, the logarithms of 4700 and 47000 are 
3 0721 and 10721 respectively ; in each case tho hfcuitissa is th^ 
same, hut (lie cliaraeteiistic is ditl'emit. * 

The rule by which the ^Ifhraetoristic is found inay^be stated * 
as follows : The characteristic. of any it tidier <f rector th<M unity is 
p)sitin\ and is less hy one thgn the number of fifurm to the left of 
the decimal /mint. 

It must also ho home iti mind that tho characteristic of a 
number less than unity is negative, and is </ renter hy one then the 
nflmhcr of zeros which follow the decimal point. 

Kx. \. To write down log 047. 

Here one zero follows the deefnid point, hence the characteristic 
is 2 ; 

•\ log *047 -2 0721. 

Again, to obtain tho log of 00047. 

As thoie at o three zeros following the decimal point, the char- 
acteristic is 4, and 

# log *00047 - 4*072 1. 

Similarly in the case of log *47. Here the rule will give 1 for the 
characteristic ; ^ 

^ .*. log *47 -1*0721. # • 

Other number* should he taken (jmn Table ill,, and the 
eltaracteristie of the corresponding logarithm determined by 
inspection. After a little practice the writing down of the 
logarithm of any numliet* becomes fjuite easy. 

Another method of determining the characteristic is to treat 
ai y given number as follows : 

470—4*7 x 100 ~4*7 x 10 2 . 

Hence as before the characteristic is 2. - 

Similarly, 47(X) =4*7 x 10 3 , *47 = 4*7 x 10" 1 , 

*047=4*7 x Hr*, *0047 = 4*7x10-* 

df all numbers are written in the al>ove convenient form the 
characteristic is, as already indicated, the index of the multiplier 
10. If this method can be easily nnd readily applied by the, 
student it will save the trouble of remembering rules. 
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Logarithmic l^bles. To obtain the logaritfan of a number 
consisting of Jour figures. 

‘The to proceed is ^ follows: 

Ex. 1. Fin^ tho log of .1708. 

• First loo^ m Table III. for the number 37, then the next figure 0 
is found at the top\(ftable, so that the mantissa of 
• % log 376 -*7*4. 

At the extrenfc^-ight of^he table will bo seen a column of differ- 
ences, as they arc called ; thus, under the figure 8 is found the 
number 9. This must lie added to thc^mantissa pieviously obtained. 

Hence we have mantissa of log 370 - 5752 
* Add difference, 9 

Given mantissa for log 3708 - 5701 

Hence log 37 68 - 3 *57 6 1 , 

also log -0037*8 3-5761, 

and log -3768- 1 5761, etc. 


To find the number corresponding to a gircn logarithm or the 
antilogarithm of a number. 


Ex. 2. Given the logarithm 2 4725, to find the number. 

From Table IV. of antilogarithms, # 

Opposite the mantissa *472 we have 2965. In tho difference 
column under the number 5, and on the horizontal line 47, we have 
the 6gutv 3. 

Hence thecorresponding mantissa — 2968, and the nuinbenhequiretl 
is 296 -8. * 


If tb^given logarithm had lieen 2 4725 the required number would 
be -02968. * 


Multiplication by Logarithms. adding the logarithms 

of two or :nore numbers together^ ice obtain the. logarithm of their 
prodntt, and the number corresponding to this logarithm , obtained 
from Table IV. of antilogarithms, is the product required. 

ifo. 1. Multiply *2885 by -915. 

From Table HI, log 288 = 4594 

Diff. col. for 5, 8 

, .*. log *2885 =1*4602 

A lao log -915=1*9614 

<. 4 *. logarithm of product = 1 *4002 + 1 *96 14 =1 *4210, 
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Fron » Table 1% , anti lug 42 1 = 2030 

* Diff, col. for 6, 4 

\ ant ilog 4216 = ”040 

The negative charaeteristio indicates that the product is a decimal. 
Hence number corresponding to 1 "4216 - *264 ; t ^ 

. -2HSr> < 0915- -2(5^ • * 

In adding the two logar^lnus we (‘onunenee with tlie^niantissa 
and obtain 4210 with I to e.ury; next Adding t|*3 two negative 
characteristics we have 2 ! 1 *1. f * 

• 

EXERCISES. II. 

Multiply 

I. 709 3 by H)07. 2. IS 07 by 0051. 3. 23 20 by 2 087. 

4. 40-237 i>y 1845. 5. 30 98 by -0O2. r )8 . 6. 51 47 by 20 7. 

7. 321 -4 by 3-003 8. 7«-93#>y 4051 9. 85 01 by 07501. 

10. (i) 6-709 by 3 00 4 ; (i’i) 000215 by 3490000. 

Multiply together 

11. 3 54, 020, and I 34. 12. x %, 07653, and 5 007. 

13. 05, *0150, and 20 01. 14. 1*102, 27 01, and 5-002. 

Multiply the following. 

15. 28-31 by -00894 16. II 82 by 003901. 17. *5084 by 893. 

18. 03571 by -2508. 19. 27 85 by 08003. 20. '3948 by 8 V>>- 

21. 13-02 by ‘6982. 22. 13 73 by 006507. 23. 79 35 1)^2 315. 

24. 6*2tTy 020. 25. (i) 05849 by -726 ; (ii) ft*2S by 14*4. 

26. (i) 12 75 by 0084 ; (ii) 01019 by 23-fff. 27. 1405 by ;00734. 

2g. 420-3 by 2-317. 29. 5 017 by 0171I8. 30. 01342 by 0055. 

31. Kind the mimeiiral value of a x b when 

• (i) a ---305. h -25. (ifl a - *32, 5= ‘231. 

(iii) a -7605, ft.. 1 0305. (iv) n = 125000, ft= -00005. 

• 

Division by Logarithms. —The logarithm of a quotient is 
obtained by subtract in;} the logarithm of the divisor from the 
Uxjarithm %f the dividend ; the number corresponding to this 
logarithm , found on reference to the table of antilogarithms , is 
th& number required. 

Using this rule for division, it is an easy matter to write 
down the logarithm of a number less than unity, and to verify 
the rule given on p. 18, 
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Thus, log *047 =^ 6721. , 

This may be verified by notingethat 047^—" ; 

• • HKI 

l«g^*l»g 1 4 (K < J -l'*g47-logJ00---072I -2-26721. 
In a similar maiflfmr 47 - J * ; « 

• j 10 • 

H ’47%«»K \ { \ - 1»K 10 - 6721 - 1-1 -6721. 


Ex. I. Divide 4 048 by 0052.7. * 

Fnftn Table III., log 301- 4829 

DiflT. col. for 8, 11 


log 3 4)48 - - -4840 (i) 

Also log •fXflV25 - 8 7202 (ii) 


Subtracting (ii) from (i), 2 7 648 
From Table IV., antilog 764 - 5794 

I)ilf. col. for 8, 11 

antilog of 7648 - 5805 

Hence log 2 7648 580 5 ; 

4-048- 00525 - 580 ’5. 


Divide 

1. -006362 by 2 052. 
1 548 by -0147. 

7. *l$38by2T7. 

10. 360-2 by 898-9. 

15. 4 -32 by -<5b036. 

16. 8-312 by 23 05. 

19. *0009481 by -0157. 


EXERCISES. III. 

2. 99-94 by 2890. 

5. -414 by 34-5. 


17. 4 -736 by -0435. 

20. Vi by 7,V 


3. 42-547 by -00542. 
6. 1517 by 34^ -2. 


18. -20t»frby 36*15. 
21. 1C -25 by 4*35. 


22, (i) -01 by -85 ; (ii) *01342 by -0055. 23. 5 by -0065. 

21 -0004692 by -000365. 

25. The product of *0047, -00035, bnd 00918 by 018. 


8. 907 9 by 17 03. 9. 10 83 by -053J9. 

11. 34935 by 000137. 12. 05344 by 83'5. 
14. 00729 by -2735. 15. 157*3 by 3405. 
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i 

MISCELLANEOUS exercises* if. 

Divide * • 

1. (i) 17-28 by 14 4 ;*.(») 008827 by 010325. 

2. (i) 59-43 by 047 ; (ii) 27 53 by -0374. 

3 . (i) 23-41 by 79S-(i ; (ii) 7*448 by 48 05. 

4. (ij 94-78 by 2-847 ; (ii) 2'JIO by 1)71. 

5. (i) 1013 by 3-375 ; (ii) 2? 53 by 0374. 

6. (i) 13-75 by *0125 ; (n) 220 1 by DOS.m 
7 (i) 17 25 by 0023; (ii) I»ie25 by 4 35. 

& (i) -0123 by -85 ; (ii) -f>J>y *0005. 

9. D004C92 by *000305. 

m .. 20000 x 240 .. . . . , , , 

X® lfa:- ^ j ^ rind tin* numerical value of x. 

11 . Calculate a x h -.-r, 

(i) When a -01 9 3, 6 1 and r r 1 *43. 

(ii) Wbcn a 0-231, h 05473, and r 750 3. 

(iii) When a -10, h- 01342, and r - 0055. 

12. How m anv portions 07 indies long can bo cut from a rod 

12 inches long ? 

13 . Calculate the value of o x h and a -: 6 when 


(i) a =201*43, 

b 

3*128. 

(ii) m —420*3, h- 2-317. 

(iii) n - DOH8‘*7, 

b 

■01)0235. 

(i\) a -01342, 6 -1)055. 

(v) ci- 21015, 

b 

-4 (154 

(vi) a -27 f)3, b- ‘0374. 

(vvi) ct -721 -4, n 

b. 

21 9. 

# • 



Summary. # * 


The logarithm of a number (abbreviated to log.) to a {/iron bate is 
tXt index of f h‘‘ 'fHovrr to icfu<*h that bant* mv, si he vaisttl to (five the 
number. Thus, if the We l»e 10, tin* log. of lt)0 = 2, since 10* = 100. 

Two systems. — There arc two systems of logs- in general use * 
these are known as rommnv in which the base is 10, anu Nafriwiafy 
or»(as they are often called) h/}H'rbolir, in which the base f* 
'2*71828.. . This We is usually denoted by the letter e. ’I 
^k^ttesa aa d Characteristic. -The log. of a numlHu tonsists of two 
j Hie mantissa and the characteristic : the former may be 
obtained ft%m Table III., tbeTatter is determined by inspection, v- 
Multiplication. Add together the logs of the numbers, and find 
thg number whose antilng i* their sum ; tins number is the product ' 
required. r '* 

1 the log. of the divisor from the log. of the 

.dividend and find the uumW whoae iuitilog. is the difference; thin : 
Will give the quotient required. -5 



CHAPTER* III. 

« 

INyOLUTION AND EVOLUTION BY LOGARITHMS. 

o 

COMMON AND NAPIERIAN LOGARITHMS. 

Involution by Logarithms. $'<> obtain the purer of a number 
multiply the logarithm of the ninnUr by the index representing the 
poicer required ; the product is the logon ithm of the number re- 
quired. 

Ex. 1. Calculate the value of (ft*07) 3 . 

The process ia as follows : Write down the log of the number as 
shown ; multiply by the index (3), and obtain t> 
for the mantissa *5353 and the characteristic 4. log '07 =5*8451 
This usually presents some difficulty to a l>c- <f 

ginner. tfo obtf^n the characteristic we say log (0*07) 3 «%4*5353 
3 x 8=24, plus h carried from lust figure, gives 
225, and we write down 5; next, 3x(- 2)~ -fl and 6 added to 
+ 2 carried from previous figure, gives 4. which, as already 
described, ia written 4. 

/. log (0 *07)*" 3 x 2*8451 
V. . =4*5353. 

Referiing to table of ant i logarithms— 

Corresponding to 535 we find 3428 
* J Diffi col. for 3 we find _ 2 

-r ■*.. . . J 3430 

Hence log 4*5353 corresponds to the number *000343. 

.*. *07 3 = *000343. 

\\ Contracted multiplication may with advantage be used when 
.the Index consists of three or more figures. 
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$x. 2. Calculate the value of (9) S7S . 

1 '' log 9= *9542 ; 

.*. c *9542 
673 , 

2*8626 

6679^ 

5721ft 

* 3*5877 

antilog 587 = 38^ 

Diff. co^ for 7= 6 

..ant i log 5877 ~ 38 7 < ) 

Hence • (9) s w - 3870. 

t When the index of a number not only consists of several 
figures, but the number itself is less than unity, so that the 
characteristic of the logarithm of the number is negative, it is 
necessary to convert the wholf logarithm into a negative num- 
ber More proceeding to multiply by the index. 

Ex. 3. Calculate ( *578) * 1 ; ®. 

log \>78 1 *7619, or - 1 + *7619= - -2381. 

The product of - *2381 and - 3*76 is *8952. 

anti log 8952 = 7856; 

*. (*578)- »» =7*856. 

When the mantissa of a logarithm is positive, and the index 
a negate number, the icsulting product, is i#^ativ(!f Wlien 
this occurs the mantissa must be madqp positive befwe reference 
is made to Table IV. 

t 

Ex, 4. Calculate the value of (8‘4) lyr . 
w log 8 *4 =*9243. 

1 *97 x *9243= -1*8208. 

As the mantissa *8208 is negative, it must )>e made positive, t.e., 

- *8208=1*1792. 

Hence, - 1*8208 = 2*1792. 

anti log 1792=151 1 ; 

, .*. (8*4) ,w = *01511. 

This may be verified, if necessary, by writing (8*4) in it# 
equivalent form, • ~Lp. 



EVOLUTION BY LOGARITHMS. ' IS 

t | 

. Evolution by Logarithms. — Divide the logarithm oj the 
number , the root %f which is required , by the* number Ivhich 
indicates the root. • • 

No .difficulty will 1 m? experienced when tfie characteristic and 
mantissa are tyttli positive. But, although the characteristic of 
the logarithm may he negative, the mantissa remains positive. 
Ifence fclu^eluiractctlstie, when negative, usually requires a little 
alteration in form befoia di\ idmg b* the numlM.*r, in order to 
make such lo^at^hm exactly divisible by the numlier. 

Tlie methods adopted can best be^hown by examples. 

t J'Jr. 1. Find the cube riwt of 1 7-» * 

Froyi Table III., mantissa of log 4/5 -0707 ; 

, \ log 473 -- 2-0707. 

To obtain the cube root it is necessary to divide the logarithm 
by 3, and we obtain 

From Table IV., p. 167, we get 

untilog 89*2 - 7768 

Did. col. for 3, 5 

antilog 802d- 7803 

Hence \47.'> 7' 803. « 

When the given number is less than unity, the characteristic 
of its logarithm is negative, and a slight adjustment must be 
made ben>r<Mhplivisn*n is pet formed. ^ 

Ex. 2. Find the value fit \ 473. 

log -470-1 -6767. • 

To obtain the cu1k» root it Js necessary to divide 1 *6767 ly 3 ; 
before doing so the negative characteristic is, by adding -2, made 
into 3, so as to lie exactly divisible by 3. Or, i 2 is added to the 
mantissa, thus 1 ‘6767 becomes 3 + 2 6767. • 

Hence # Jf3‘ 2 6767) -f *8023. 

As in the preceding example, the corresponding antilog is 7863 : 


v ‘47. 


•7803. 


The adjustment indicated in the preceding example should ^be 
performed mentally, although at the outset the )>eginner mar 
find it advisable to write down the numbers as shown in the 
example above. 
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* ». « 

In dividing a logarithm by a given numlier it is necessary, » 
whence divisof is greater than the first terib in the mantissa, 
to prefix a cipher. 1 a , 

Ex, 3, Find the fifth root of 3. 

log 3 =‘4771, 

and 5( 4771)= mu 

antilog 6954 -- 1 24(i ; 

3?- .-1-246| 4 C 

In this example since the djpi.sor 5 is greater thiin the first term 4 
in the mantissa, ft cipher is prefixed. Then by ordinary simple 
division we have 5 into 47 gi\4»s ft ; the remaining two figures 5 and 
4 are obtained in a similar manner. c 

Er.. 4. Find the 4 Ul root of 0 007 or ('007)^. 

log ‘007 = 3*8451. 

1(3-8451)^1 (4 + 1-8451) 

= 1-46127 
log ( 007 ) l =1-401 3. 

Corresponding to the mantissa 461 we find the nntilogarithm=2891 

Dilf. col. for 3= 2 

2893 

the antilogarithm corresponding to the logarithm 1-4013 is 2893, 
Hence c (0 007)* = ‘2893. * 

Ex. 5. Find the 7 th root and the 7 lh power of 0 9306. 

log -9306 = 1-9688, t . 

" log of 7 th root = 1 (7 f 6 9688) = 1 W55. 

Referring to table of antilogarithms, w\’ find 
t antiloganthm of 995 = 9886 

Riff. col. for 5, 1 1 

1 -. antilogarithm of -9955 = 9897 

The characteristic I indicates that the numl>er is less than unify, 
Hence 7 th root = -9897. , 

v- Let x denote the 7 th power of -930G. 

Then j-=( 0’9306) t . 

t log x =7 log -9306 

- 7 ^ i 9688 =1-7816. 
ontilogTSl - 603!) 

Diff, col. for 6, 8 

6tV47 

*= '6047. 


Hence 
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* Sx. 6. A square field lias an area of 2 acres. W^at is the length 
,of a path diagonally across it ! • • 


JLet A BCD (Fig. 1) represent 
the field.* All the sides^heing 
equal, the length of each is 
* a/4840 • 2 = n/9080. 

, log9j80 = 3*981J9; 

log n/*S0 - m -9859) *9929. 

antilog 99*29 * %$!. 

Hence A B = 98 37 yards. 

As ABC ia a right-angled tri- 
* angle, ^the square on AC is equal 
to the sum of the squares on .1 Ii 
aijd BC; 



AC-sAfC * HC - -\ ; 2 , (98*37)*. 
2 logOS *37 -tlWTiS 
log 2- *301 0 
2)4;28«8 
2* -1434 

antilog 1134 -1391 ; 

AC— 139*1 yards. 


EXERCISES. V. 


1* Find the qpbe root of -00009706. 

2. Find tlffc«ijflh root of -03780. 
a Find the cube root of (i) 27*27, (ii) *08766. 

4. Find the square root of 253400 

5. Find the cube root of 8 ^4*2. 

6. Find the culw root of -0000147. 


JKnd tlie numerical values of the following : 




>01607^4 

V* 




3147 \i , 

■ 1 ) 4 / ; 


n (*’I410)« 

* (TIMP 


io 4 ; 2k j {)fi1 ^ 

* nTok 




12. (32-16)*. 


Ml (I) (2-07) 3 ; (ii) (32 76)4 ; (iii) (-6944)4. 
1& Find the fifth root, of *04633. 
vifFA n. . B 


11 ( 10)1 


• W 




v5rKSH0P MATHEMATICS. 


Find the numerical values of the following : 

16? (-00645)1* 17. 4 /7 080 x 3^864* 

18. (22-07)1 *, ' * 19. (y5C)»»x(l*3)8x(1^6|«. • 

Rules of Logarithms, —(i) The, sum of the logarithm^ of two numltejp 
{/ice* thv loejnnthm of the product of these numbers. * 

Let a ami l> l>e the miml^rs 

[j«t logo x and log% • y ; 

•. n ••10', b -10". 
a \ 10*^, 

or log tfihrx\y 

“ log a t log h. 

(ii) The logarithm of one number subtracted from the. logarithm oj 
another ejircs the logarithm of the^ptotu nt winch is obtained by dividing 
the latter •niimln r by the former. 

As befoie let a and b 1m; tin* two numbeis. 

Lot log et - x and log b -- y ; 

. rtr-UK, ft-- 10*. 


-log a - log A. 

c ° 

(iii) The logarithm of the power of a number is Aft# product of the 
logarithm of the number by the • tndrx re presenting the flower of the 
• number . 

Let loga = r. 

Then u = 10 r . 

£nd a" = (10*)" ; 

h>gio« w ~»J"~«loga. * 

The system of logarithms employed by the disooverbr of logar- 
ithms, Napier, and called the Napierian or Hyperbolic system, is 
much used. Tim lu»se of this system is denoted by the symbol e, ajad 
is the number which is the sum of the series. ■* 

oj. L, 1 , 

2 2x3 2;'3x4 + ’”‘ 

This suip to tive figures is 2’7183, 
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HYPERBOLIC LOGARITHMS. 

• « 

Transformation of Logarithm*.— A system of logarithm* calculated 
to a base a may Bo transformed into another system in whfth the * 
hose i aft. • • 

Tims Itt A r be a numbA* ; its logarithm ni the first system we 
may denote x t and in the second system by ;/. 

* Then * N-a 1 -!# ; 


Or 

and • 


.*. a x -lP; * 

f 

r. 6=o». 



Hence, if the logarithm of any number in the system in which the 
base is a be multiplied by ~ ~f^e ol)t.un the logarithm of the 

number in the system in winch the base is b. 

The common logarithms, or, as they are usuall) called simply 
logarithms, have been calculated fiom the Napierian logarithms. 
Let / and L be the logarithms of the same number in Die common 
And Napierian systems respectively, then 


&nd 


, “BETo t ‘ 

log.,10 - 2 •30258.W9, 
-L- -ru^uas 


Hence, the common logarithm of a number may be obtained 
multiplying the Napierian logarithm of the same number by. 
•4343.... * 

To convert common into Napvrian loyarithim we multiply by 2*3026 
Instead of the more accurate number 2*302^8309. # 

Ex, 1. Find the hyperliolic logarithm of 8*43. 

From 'Table III, p. 165, log 8 *43^= *9258 ; 

.*. loge8*43- *92f>8 / 2*3026 
=2*1317. 
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MISCELLANEOUS EXERCISES., VI 
Find the value of • • 


1. 


F205 X *00671 
2 38 ifx 10*71 


f’0 '25 x -6796 


21000 x -0182^ 

3. Explain how logarithms are used for calculating products,* 
quotients, jmiwoih, and roots qf numeneal quantities. 

4 , Calculate the value oP*2S5 002 - ^*8v('009x *038)^ 


6 . 


{2*05)’ J x2*24 


6. C05) 3 x(l-64) ,J r 


•0041 

7. Find the square root of <15. 

8 . Write down the logarithms of 544000, 5M, and -000054i 

/04 *7n>? 

9. Fiud the >alue of 10. Kind the fifth root of '003483. 

(*0045)J * 

11. Find a fourth proportionate *5408, 7 03, and 702 9. 

12. Divide 14*3288 by 0. 

Find the numerical value of 
0321 4\t 


13. 


, / *0321 4\t 
'• \ *0170-7 * 


14. 


CO470) 1 

(3*005)^ 


* /I2B\ M 
16. Find the value of 

(*0043)* 

16. Find the fifth root of 14*52. 

17. Find the square root of 00048. 

*18. What is the value of 8 !,rt ? , 

19. * Fiud the value of ^ ^ T when*a-35, r = 13. 

r 

20. Find the value of x- 

\ ( ’00418)* x ( -3I25) 8 x ^303 / 10 


10 ** 


21 . 


(42W* ( *0705 


22 . s/th+sk 


* 1 1*7 ~ 104*3 x lo 3 ' 

23. Find the fourth proj)ortional to (1 *027)^, (2*546)$, (31 *027)^ 

24. (i) Drove that log (3 B x 4 8 ) - 5 log 3 f 0 log 4 ; (ii) find the 
value of (*0874)*. 

26. Multiply *076 by * 0907 . and divide the product by ‘000019* 



EXERCISES. 


26. Find U* fif^i root of *00374. 

27. Kind a mean proportional to # 

• ^4-TM and V( *0078) U T 


Find the vtjfuc of 



31, I!*, when « * 1 080, • •llHS,!md r , •«««. 

r 


• , 

32. a? when a =12 45, h . 00740. 


21 


33. a x kr, when « = 8352, /> -- 3 00, <• . 30*57. 

34. Find tho value of % 

if- 

36. Find tho value of r, when NV - ‘2*45. 


36. if r 

calculate tho value of y, when JF- 100, l -80, AZr-2'55, ir~3 , 142. 
rf~*25. 


37. Calculate ah < ctl and ah ; cd, when 

W a -31*125, h - 3307, r = 10500, *000126. 

(ii) a * %323, 6= *(^1355, c - 1 101, d 5*355. 

(iii) a* 1*265, />= *01028, 2*283, d 04 28. 


38. Calculate (i) x /A ; ; (ii) a ^ > b* x t'S ; 

when a- 15 fi, b- *0045, r- 00065. 

39. Fin«l the value of 

f/f)~^(a 5)^, 

If a=3*142, ftj=2*718. 


401 If 


< />* 

(i) Calculate the value of V, when (7=232*4, 7.) =14800, 

and 7/ = 16150. 

(ii) When C= 167 *3, D = 2500, and // * 12980. 

(tii) When (7=258*6, Z) = 4720, //=1788. 
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Fir^j the value# of ^ # 

41. (a) 3* 142x5*208-; (/>) 9 : 1076; (c) v®. [U.EI] 

44. v'4:V)-8;i4 •:««)*; (8«4I • 2*661) ;-|>*<)61 \ 3*1 16). # »[LC.U.J * 
- - o 78.14 X ( 1 1 *32)- 7S4 • 073 9 * 


46. 


I3*sm 760.. 3o2 


46. (7*H24) BN ; (30.10) \ r"* -2*600. 


I'uC.U.] 

[N.U.T.] 


2rl(A,- * 

* 7 * lour i.l»,/ 3 --96-4 1 r 1 ^i-«,n,i2-0S. i 

* 8 ^ 1 LN.u.t.j 

48. If <• , ^ y , find /^ilim f/ - 84*8, /,:= 33*33, 77=1*46 

[N.U.T.] 

49. Solve (.100)' H r (()S 4) ’ 1. 

50. Solve the eijnahons • 

{lO.l-jr 11 is *7 ; (/») 2 7 IS" 11 ' =92*56. [U.E.I.] 


[N.U.T.] 


61. Evaluate <^5*888 x 31 124-2*0. 


[L.C.U.J 


of 


Summary. 

Inro^on. To raise a number to a giv cn iKwer.fnultii*/ the loir 

-* && 

wunfroffTst mnkin’."!f ' 0l! ' " f T"' 10 '' l>y the index of the root 
r" f »*«■«!**>■' the requisite adjustment in th. 
onar#i tomtit). Ihe (juotient is the antilog. of the root. 

by N f aP vlw fi 1 -°^Kr L<,g,irit, n na . 15 Which the *»*« is denoted 
t>V, where e- 2 ,182818... , are called Napierian logarithms. 

Common logarithm. . - Logarithms calculated to the base 10 are 
£lled common logarithms. Common laqarithn* may be converted * 
into ,\apitnan or hyperbolic by multiplying by 2*3026. Napierian 
5>7 R, 4343 U8%Uay ** °° nVerted into common logarithms by multiplying 



CHA1TKR* JV. 

THK SLIDK RuLK. 

• * 

Slide Rule. It will alreatly be clear to the reader who has 
followed the seetion dealing with logarithms, that by their use 
the multiplication of two <>r more numbers e» effected by adding 
the logarithms of the factors, and their division by the subtrac- 
tion of the logarithms of the factors. Or, shortly, by the use of 
logarithms multiplication is replaced by addition, and division 
by subtraction. 

Hence, if instead of the eipial divisions of a wale (Fig. 2), 
unequal divisions corresponding to the logarithms were em- 
ployed, then, when performed graphically, multiplication will 
correspond to addition and division to subtraction. 

It is fy^ easy matter to add together two linear dimensions by 
means of an quinary scale or rule. Thus, to add 2 mufti units 
together. Assume the s&ale U (Fig. 2) to slide along the edge 



Fig. 2. 


of the scale A, then the addition of the numbers 2 and 3 is raffle 
when the 2 on Ji is coincident with 0 on A ; the addition of the 
two numbers is found to be 5 opposite the number 3 on the 

scale A. 



& 

’* 233 '- 
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If the scales on A and g a^e not divided 
in the profjortion of the numbers, but of the 
logarithms* of the numbers, then with this 
system of gr aphic logarithms, by sliding one 
scalo along the other in the nmrflier described^ 
addition would be performed, Wit, as the 
scales are logarithmic, the result would corre- 
spond to the produ^' of the njuubefls added. 

Similarly, the number Ajracsponding to 
the difference would be a quotient. 

Constfuction of Slide Rule. —As already 
stated the object of the slide rule is 4$ per- 
form arit/iniftitvl rate ulations in a simple 
manner. 

There is a great saving of time and labour 
effected by^ts use, as it solves at sight all 
questions depending on ratio. 

It consists of a ti\ed part or rule con- 
taining a groove in which a smaller rule' 1 
slides. | 

Reference to Pig. 3 shows that the upper 
•part of the rule contains two scales exactly' 
alike, while the lower part of the rule con- ■ 
tains only one scale, its length Inning double 
that of the upper one. As tta upper part 
contains two soalosfit will lie convenient to 
refer to the division 1 in the centre of the 
rule, shown at A’, as the left-hand 1, the other 
to the right of if as the right-hand 1. 

There are tw'o scales on the smaller rule 
or .did<\ as we may call it, at B ; and at C 
one double the length. Hence, the soalos on 
the slide correspond to those on* the rule. 

It will lie convenient to refer to the four 
scales by the letters d, B, C, />, as shown id 
Fig. 3. 

If an examination of a slide rule be made 
it will be found to consist of a fixed !**; 
or fnyue, a elide, and, in addition, in tM 



' Graduation of sude. rules. ' * ' * a« 

9 

' ru ^ e > there is also an additional movable frame or thin 
metal c«wr, heifl in position on the face of the rule by Aiding * 
in two grooves. Thin is shown Ifolh at K f nd in the end view. 
Although it slides freely\long the instrument, any shake which 
might otheitrise occur is prevented by a small steel spring 
•placed at4ho upper part of the carrier. 

, The principle of’aetion is tiie same in all slide rules, although 
the arrangement of the (nes depends^ pon the purpose to, which 
the rule is ty T»* applied. The modified form of the slide rule, 
of the kind which we propose to explain, is one of the moat 
acc urate instruments of the kind that can le obtained. Tho 
instrument, with the exception of the cursor A’, is usually mado 
of boxwood or mahogany. The wood is faced with whfte 
material, the black division lines showing more dearly on tho 
white background. 

Graduation of Slid© Rule# In Fig. 3, which shows a 
slide rule, it will lie seen that the distance apart of the 
divisions are by no means equal. The divisions and sulslivisiona 
are not equidistant, as in an ordinary scale, but are logarithms 
of the numbers, and are set off from the left or commencing unit. 

In studying Indices we find, p. 11*2, that 

if 10 3 be multiplied by 10 4 the result iH*10 r,+4 nr 10 7 , 

From the definition of a logarithm, 

^ 2 is the logarithm of 100, sinee lo*« 100. 

Or, as ID rais^^o the power 2 giv»-s 100, the logarithm of*00 is 2. 

. In a similar manner «lf 10 be raised to a power -4771, we 
obtain the result 3 ; .• . log 3 = ‘477 1 . 

Also, since 10’ 3010 * 2 ; log 2 -=-3010. 

•» ; Hence *7781 is flm log of ({=.. lowio**™ 

A*"” lo' a = ltf>. 

;Soalw # 

Or more simply, to divide f> by 2. 

log - log 2 == 7781 - -3010 
-=•4771 ; 

tuu *4771 is the log of 3. 
i*,'®*“* |-3. 
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t Simple exercises similar to the above wiU lx^ found very 
useful as a first stoj>, and such practice will enable the student 
to deal with the nupihers wifti certainty and ease. lt*is an 
excellent exorcist; to make a slide rule, using two strips of card- 
board or thick paper. • 

Assuming any length, such as from 1 to A', scale Jf to be 10 ( 
inches long and to be divided into 10 parts,' then th^ distance 
from 1 of any in termed mtff number fi<%4t I to 10 is uiide pro- 
portional to its logarithm • • 

To find the position of the 2nd division, since log 2 - *301, ‘301 
pai'ts, or 3'01 inches from I, Vould indicate its position. 

In like manner the 3rd dmsien would be -177 pai'ts, or 4‘7 
indies; the 1th, (102 parts or ti 02 inches; the fith, 600 inches, etc. 

Denoting the distance of any division from point 1 by j\ if l 
denote the length of the scale from 1 to /v, and L the logarithm 
of the number indicating the dftision icquired, then 
r--/ . /„ 

When the upper scale .1 is set out, the scales II and C on the 
slide and the scale /> may be similarly marked from it. 

'Hie excellence of any slide rule depends upon the skill with 
which these division lines have been constructed, so that they 
are as accurate as it is possible to make them, and in dealing 
with a carefully made slide rule we deal with the rfert of a 
cunsidmjible amount of labour and thought wjjich h^ve been 
expended in its construction. •• 

Although a knowledge of logarithms is not essential before a 
slide rule is used, any more than it is necessary that a man 
should be able to make a watch before ho is allowed to use one, 
or tluit lie should understand the nature of an electric current 
In’fore using an electric bell, it is much better to clearly under- 
stand the principles underlying the construction of any 
instrument. # 

Multiplication. -In (Eig. 3) putting the units’ figure of the 
slide opposite the 2 on the fixed scale d, we get registered the 
products of all the numbers on the slide and 2 above. Thus 
2x1 = 2, 2x2 = 4, 2x3 = 6, etc. The units’ figure may denote 
1, or 10, or 100, etc. ; thus the products may be read off as 
2x 10»20, 2 x 20«40, or 2 x 100 = 200, etc. 
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* • 

Or we ma^ us^ the lower scale D of the rule and scale C of 
the slide. Always make 1 of the slide coincide with citftef of 
the fafct^-s on the scale, and tin? product y'ill lx; found on the 
scale -opposite to the other factor read on the slide. If the 
product carnet l>e found when the left-hand 1 is used, the right- 
hand 1 mflst be employed. 

Facility in using the rule can nfily lx* obtained by practice, 
and as soon ;i£ the priAiple is understood the so-called rules 
are not of m»eh*use. # 

From any table of areas and circumference of circles, examples 
for practice can be obtained, or the Examples given on pp. 33 and 
41 in#y Iks used for the same purpose, so that it is not necessary 
to give such at this stage. • 

Ex. 1. Multiply 12 8 hy 4 

Setting the 1 on the slide to 1S^} on the rule, then opposite 4 on 
slide 18 the number 51 2. 

Ex. 2. The diameter of a eirele is 2 5 inches, find its circum- 
ference (p. 30). 

Set 1 on slide against 2*5 on scale; then A opposite 3*14 (which ia 
mark cm 1 on slide), is the circumference, 7 '85 inohcB. 

Division. — Set the divisor on II under fjie dividend on A y 
and read the quotient on *1 over the index of li ; or, set the 
divisor on C over the dividend on />, and read the quotient on 
D nnd«nthe i^iits’ figure of C. 

Ex. 1. Divide 9 by 4. « 

Set the 4 on scale B oppmite 9 on male A ; then coincident with 
1 is the answer 2 25. • 

Ex. 2. Divide 9*5 by 2*5. • # 

Set 2*5 on scale (7 coincident with the division 9*5 on D, then 
coincident with 1 on C is the answer 3*8 on 1). 

Ex. 3. The circumference of a circle is 29*53 inches, find the 
diameter. • 

Set 3-14 on slide opposite 29*53 ; coincident with 1, jre read 9 * 4 , 
the answer required. 

Involution,— On inspection, the numbers on the upper s#a le 
A are seen to be the squares of the numbers on the lower scale. 

To obtain the square of a fractional number some difficulty 
Would be experienced in noting the coincidence of divisions on A 
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and D, separated as they are by the slide, in 
this ease we can make use of the cursor, thus : 

*$et the eifraor to coincide with t^e 'given 
number on the scale /), and, by its means, 
read off the square of the mimhc# on scale A* 
In this manner, the fourth, or any e\%n power, 
can lw obtained. • 

Squall Root. I n|e\tractin" squlfcre roots 
tin* al>ove process is reversed. • • 

The number, the root of which is required, 
is found <fn the scale d, and its root is, as 
before, found directly lxdow. The ciunor 
enables the coincidence of the two divisions ^ 
denoting the number and its loot to ba readily 
obtained. 

As shown on p. 30, tin* area of a circle is 
3’ 14 10 x z* 2 , or ■7N. r >l<Y a , where r is the radius 
and <1 the diameter of the given circle, (,'on- 
.versely, if the urea of a circle is given, tho 
diameter can be obtained from : 

• v * . /" area 

■ V- 7 B54’ 

Kx. 1. Find area of a, 'circle 3" diameter. “ ’ 
'Fhe mark on the cursor is set Vs the % on tho , 
lower scale ; tho uppe^ mark ovef Tho top scale , 
registers 9. Then moving the slide to tho right, 
until tho 1 coincides with the mark, we have 
coincident with '7854 (whic4i is marked on tho 
scale) the required area 7 ’01 square inches. ' ■’ 
Kx. 2. Find area of a circle 2*5" diameter. 

The square of 2*3 is seen to be 6*25, and foultb 
plied by "Sot the area is 4*9 square inches. 

Practice in Use of Slide Rule.— Practice 
in the use of the slide-rule is obtained by got- ; 
ting the powei-a and roots of various numbers, \ 
by determining areas of circles from given diar 
meters, and conversely, diameters from given , 
areas. The circumferences and diameters may, j 
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Ak-? . ; ‘ . ' *• _ • 

be treated in^like manner. All result* when obtained may be 
Verified by calculation, or from tabic*. 9 ' 1 

* To Objain the cube a nuAber,-- Bylig the right-hand 1 
,of scale C to the given numlwr on J). Then over the same , 
number on tfte scale B read off the required cube on A. 

Instead^of the above plan the slide may lie inverted (Fig. 4), 
keeping the same face upwards. *Tho Seale B will now move, 
along sdfle Put in Coincidence dh the scales B and I) the 
two marks inducting the number the cilia* of which is inquired, 
then opposite the right-hand 1 on the slide the cube wprired 
will l>e found on scale J. • 

Cube Root. -As in (be case of finding the eulie of a number/ 
two methods may be used to obtain the cube root of a mnnbe/. 

Fir*t Method.-- Move the slide to the right or left until under 
the given chIki on J is found on B a number identical with a 
number which ih*simultaneousl\%oumi on the l) s< ale coincident 
with the 1 on scale C. 

Second Method. - 'flic inverted slide is used. This is plaeod 
with the 1 of the sbde coincident with the numlwr the cul)0 
root of which is required. Then find what numlier on the scale 
J) coincides with the same number on the inverted wale of B ; 
t^kis number is the cube root required. • 

It will }>e found advisable to obtain the eulie roots of easy 
. number^ liefore proceeding to more difficult oases. 

Bx : 1. Fia^the culm root of 64. ^ 

Move the slide from ri|ht to left, and it will he found that 4 on 
scale B coincides with 64 on scale .1, simultaneously with 4 ou D 
and l on C. Hence 4 is the cul»e root required. # 

Invert the slide, keeping the same face npjtcrmost. Set l^n C t 
inverted to 64 on scale A, the division on ft which coincides with i) 
is 4. ^Hence 4 is the eulie rrwt. 

EXERCISES. VII. 

1. Find the areas of circles the iliameters of which are 2, 3, 4, 6, 
3*2, 4*2, and 6*2 inches respectively. • 

’ R Fiud the area of an air-pump bucket if its area is * that of A* 
cylinder of 05 inches diameter. # 

... 3 . Find the diameter of a cylinder, the area lieing 20 square inehjs^l 
> , i 4L Write down the square and culx; roots of the numbers 1 
IQ inclusive. 
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CHAPTER V. 

* Cl RC H M FKR KN( 1 K OF A CIRCLR AND AN ELLIPSE. 

LENGTH OF A CIRCULAR ARC. 

I 

In Part I. of tins course of work a portion of the subject of 
the mensuration of plane figures lias been considered* and, in 
continuation, we may with advantage deal with the mensuration 
of certain plane figures in which the periphery consists of curved 
instead of straight lines. 

Circumference «of a Circle.—' The number of times that the 
length of the circumference of a circle contains the length of the 
diameter of a circle cannot be expressed exactly, but it is very 
nearly JH4 159205. The number 31 41(1 is used ^’or convenience 
and is sufficiently exact for nearly alUpurposes. ‘^liis number 
is denoted bv the Greek letter jr. 

* An approximate value of 7r. sufficiently exact for all practical 
pu rupees, and very convenient whim four-figure logarithms are 
used, is 31 or 3142. Thus, v =3- 141 59265 = ^ within ^ per 
cegt. 

That the length of the circumference of a circle is mi or2«r 
where d is the length of the diameter and r the radius, may be 
shown in several ways. Two simple experimental methods will 
be sufficient in this place. 

1. By rolling a disc of metal or wood on any convenient scale* f 
Hake a mark on the circumference of the disc. Put the mark 
Coincident with a scale division. Slowly roll the disc along the 
Scale until the mark is again coincident with the scale, and note 
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carefully the distance in scale divisions moved through. ben 
l>y applying the^cale to the disc obtain the diameter. • * * 

. Simple division will then sinnf that the length of the circuni' 
fereneets 3l times that the diameter. 

2. Or, wr%p a pure of thin jxijwr round the <//*<", and mark, 

• by two {pints, the line along which the edges overlap ; unroll 
the pape^, and its length when measured will be found to be 3} 

times tlfit of the diameier. • 

• 

Length of af Circular Arc.— I^t ABC (Fig. 5) be a circular 



Flflf. 5.— Lcupth of a circular arc. 

arc, it iff rajift-ed to find the centre oi the circle of which ABC 
is a portion. • 

With A and B as centres and any convenient radius, describe 
intersecting arcs as shown ; a line drawn through the inter- 
sections also passes through the centre of the circle of^vhich 
AffC is a portion. The point of intersection 0 of the two lines 
obtained in this manner is the centre of the circle required. 9 

Join Oio A and Let the length of the radius be denoted .. 
by r, and tiro angle AOC by 0. 

Then the measure in radians* of the angle 0= • ; 

/. arc AC=r0. 

Thus, when 6 and the radius of the circle are known *the t 
length of the arc can be calculated. 

*8«e Part I., p. 103; alao Table L, p. 188. 
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If the angle is given in degrees, then as the number of degrees y 
a circle is 3«0, the length of the arc will have the same ratio ' 
the circumferencotpf the circle as the number of degrees in 
! the angle has to 360 degrees. 

If N denote the number of degrees in the given ;Gngle, then * 

length of are .V 

'Ijcr 30()’# ‘ m 

y * f 

length o f atv ' ^• 0 x - 7r/ ‘- tJ 

Ex. 1. What is the length*)!’ an are subtending an angle 0(45' 
ip a circle of 4 ft. radius V , 

‘ 45 

Length of are - x 2ir x 4- - 7 r ft. 

-3’hflti ft. 

Rank&e’s Approximation. By methods due to the late 
Prof. Kankine it iH possible to net of a line J T (Fig. 6) equal in 
length to a given circular are AH. 



Fio. ('.. -Ii mklnn’.H approxinmtiou. 


Obtftin the centre C as desrrilttd on p. 31. Join A tot?, and 4 , 
•t A draw AT touching the arc and perpendicular to AC, then 
h AT is a tangent to the arc at A. 

^ Divide the are .i ll iuto four equal }wirts an shown. With the 
distance from A to the division 1 as radius, and with centre^, 
describe an arc cutting the tangent at It. With centre radiUft 
. jpjb, describe a second arc cutting the tangent at T. Then ' • \ 
A T~ arc .A H (approximately). 
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* • 

The Angle subtended at the centre by the arc BA should not 
exceed 90°. ^he # error introduced consists in the line Ixllng a 
little shorter than the corrospondfng arc ; yfe ahiount of tlitfer- 
ence is aflout 1 in 900 foiftut are which subtends an angle of 60°. 

Ellipse. — ft- is only possible to obtain a rough approximation 
*to the lerffcth <>f the circumference, or perimeter, of an ellipse. 

* Perhaps tie best rule is * * ^ 

Cengt^ of eiieinlfe.ience of an ellipse = (o-f 
where a denote? the semi-major a.^s fM, or OX (Fig. 7), and 



B' 

Pio. -Ellipse. 


6 denotes the semi-minor axis OB or OH. Or, 

The rinmnnf(^)H'(’ of an ellipse in half the sum of the maj<>r and 
minor cure* multiplied bp 

- Ex. 1. The major axis of an ellipse is 16 inches, the minor axis 
- 10 inches : find the circumference. 

Here «~8, h-t, and a 4 13; 

circumference ~ 13 x **=40*84 inches* 


EXERCISES. VIII. 

1, The circumference of a circle is 144513 inches; find the 
diameter. , # 

> 2. The diameter of a circle is 48*25 inches ; find the circum- 
ference. • 

3, The wheels of a locomotive are 2 ft. 0 in. apart, what is the 
difference of the lengths of the paths of the wheels when the inner 
\Oirheri is describing a circle 100 yards radius? 
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•A -^ e ®* rt ^ 8 equatorial and polar axes being 7920 and 7990 ' 
mU^respeetoyely, what is the meridional eireumfererffce of the earth! 

;; t ;i!!4 DinUte htn(1 °. f a cIo * k is 6 fcet long ; what distance will 

it« extremity move t^er m 36 minutes • t 

' “5 rri ? g0 *!*« 1 is 2 »*• "4 «». to diameter ; how ^ tarn. 

“ 008 it make m a distance of 7 miles 1331 yards ? • y vum* 

it ‘■''■^'ntorenee of a wlieel is »> foot ; how nrni* turm will ' 

it nuke rolling over 10*. mile, ? Kind the diameter ofthe wh^f 

will 1.. Il’ pe * ,T PI ’ e ' 1 ?* a rollcr 1 ft( diameter ; how-Onany coil, 

ss;?, z-&'\ 

aud°thfU tlf^he'T^inihwheeMiB^ i^ehe^'h*'^ 8 carr * a ge to: 54 inahee 

sa;ESSaI“-»‘ MfiRauk 
&*<*■•«? Sffffte i wassfc : 
JilKffiiKSi-i'S,'* •' 

14. The circumferences of two wheels diffm- hi B e ^ , • 

turns as often in going 0 furlong as the • y ■ f °°A and 0,13 
find th. diameter of earl, wheel fe ° ther m /““g 7 furlong.; 

• l4and T lt^!: i ^"7t,vX t tw 1 Lrl,a T* 8 ' * avJ «™«*n»M» , 

, B oV nt 1 7 Urc "'" fum " ° " f ,U1 vllips6 ’ Jts “« fining 16 and J£, 

' Mmuiroi t^rld, !i« WtomX «*l» WilfihSl 

l*fcg n inches in diameter, the rope 1 inch difunetw! *** 

” “ th<> °“‘7 'fiameter of a ep.ral epring is 2f Ache, 

^ number of teeth in a spur wheel is ion wa*il 

4ndJfs Ce d r0m 6 Cen i? , * 0 , f ° n ? l ?° th 10 *S centre of the iSt) U |n^ 

gtttoj &h P i73o1 rc ' C - What woold * «*« WSr 
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; ■“ 7? yin * %nd 2 ft « 6 ln respectively ; find its periphtm 

UUdJ^feren^r 8 ° f “ ° Val d ® r are 12 J ad U illchei * whftfc *» 

°f “ oval °yHn«ler. the di»met«ri 
Jfcing 34 and 30 inches respectively, and the height 12 inches 

•-*& m of • ° M * *“* *• 

cam ' m ' 9t * m ; 1 ft ‘""S *» •« «t » 

28. The radius of a circle is 10 inches, and the angle subtended bv 
an arc at the centre is t2 ; find the length of the arc. ^ 

1 26. The diameter of a circle is 1050 links ; what is the number of 

raduwA m an arc of 120 links * ol 

27, Find the length of that part of a circular railway-curve 
Which subtends an angle of 22} ' to a radius of a mile. 

28. What is the earth’s diamcUt if the length of a degree of the 
earth s meridian be .69*1 miles? 

i is , fcl, ° of a cir( ' u,ur nrc subtending an angle of 

17 16 when the radtfcs of the circle is 15 inches ? 

30. A circle is 10 ft. in diameter ; how many degrees are there in 
w» arc of it 16 ft. long T 

9L Fiud the distance in miles between any two places on the 
equator which differ in longitude by 6“ 18', asHuning the earth’s 
equatorial diameter to Imj 79*26 miles. b 

, Two places on the earth's equator are 300 miles apart ; what 
is their different in longitude ? 1 

33. A pendulum swings A rough an angle of 30 * ; the cud describe* 
UD aro of 13^J inches ; find the length of the |*>ndulum. 


Stflnmary. 

.CfrewnfOrence of a circle -irx (diameter) -2f (radius) where r 
or 3*142= -V- approximately. * 

Of an arc of a circle. -The length of an are of a circle of 
Piwuar is rtf; or ggg*2»r where 6 is the radian meaeure and jy r 

Sf of ^g™* in the angle subtended by the arc at the 

W^e of the circle. 

Of an ellipse.— The circumference of an ellipse 3* 
o+6) where 2o and % denote the major ami minor" 
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AREA OF A CIRCLE AN T \> ELLIPSE. AREA OF A SECTOR* 
OF A CIRCLE. AREA OF AN ANNULUS. • 


Area of a Circle.— If a regular polygon be inscribed in a 
circle, a series of triangles aiy formed by joining the angular 
points of the polygon to the centre of the circle. 

The area of each little triangle is one-half the product of ita 
base and the perpendicular let fall from the' 1 centre of the circle 
on the base of the triangle. 

The length of the base may be denoted by a ; the length of 
the perpendicular by p ; and the radius of the circle by r. The 
area of the polygon >v ill be \p{<t -f <* + ...) or hpla. The 
symbol 2, which denotes “the sum of,” is very convenient, and 
the form simply means the product of i^and^ie sum of 
all the terms each of which is represented by theJetter a. 

As the number of sides in the polygon is increased, its area 
becomes nearer and nearer that of the circle, and when the 
number of sides is indefinitely increased, tlvp perimeter (or sum 
of flhe sides) of the polygon becomes equal to the circumference 
of the circle ~ 2irr ; the perpendicular referred to above also 
Incomes the radius of the circle. • 

Hence the area of a circle = k (2rrr x /•) - nr*. 

By dividing a circle into a large number of sectors, the bases 
t may be itfede to differ as little as possible from straight lines, 
v Each of the sectors forming the lower half of the circumference 
ceuld be placed, along a horizontal line AD (Fig. 8). A;-. 

* corresponding number of sectors from the upper half of the 1 
\ circumfereuce could be placed along tbe upper line Cl\ coin- ; ‘ 
^plating the parallelogram d5C7). The length of the base AB 
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will then be half ^he length of the circumference of the gird© 
and the height of the parallelogragi in equal to the radius of the 
circle, r . # % 0 

* t*. Area of parallelogram — Afi \ r r x irr — 7 rr 5 . 



If a thin circular disc of wood be divided into narrow sectors, 
and a atrip of tape glued t<> flic citcumfemice ; then, when*the 
tape is straightened the sectors will stand iijmui it as a aeries of 
triangles. By cutting the tape in halves the two portions mty 
be fitted together as in Fig. 8. 

Experimental Method.— A good experimental method where 
a balance is available is to draw two circles on if sheet of 
cardboard and to circumscribe one of the circles by a square 
ABCD as shown in Fig. 9. By drawing two lines at right 
angles and passing through the centre of the circle, the square 
is divided into four equal squares, the length of a side of each . 
Of the squares being r. 
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M»kc ff,V= } of El). 

Draw MX parallel to AD. f 


D* ME C 



Fit), ft— Aren of a circle oxt>crimontally. 7 ., 

Then th<* area of tho whaded figure -ID/* 2 . Cut out ft circle! 
and alao the shaded j>ortion. If this bo done with care the' 
weights of the two will bo found to bo the name. §' 

Using Banking's Approximation. —A m tho area of a circle?' , 
can he expressed in tho form 7rr x r, i.e. halt the circumference of 
a circle multiplied by the r<uliu&, we can use the approximation'* 
due to Rankine to obtain the area of a circle gra^Jjicaffy. 



Pick 10. —Are* of » circle obtained graphically. 


Thus, as shown in Fig. 10, make AC- quadrant AB (jx, 3S)i 
Produce A C to D t making CD*=AC. 

Then AD«rr. 



x area of a Sector . & 

.■ t 

v Complete the rq^tangle A DFE making its adjacent sidcg AD * 
and Dp equal to irr and r 1 eajiect^ely. # * 

> 1 ■ Then, v^a of the circlets equal to the area of the rectangle 

; .,1 • .. ADFE—irrxr-Trr 2 . 

* If d denote the diameter of a circle, then as d**2r y 

V •. **"*(*)' -t* 

' . 

, K In many cosch it is convenient to use ~</ 2 , instead of ita 
equivalent irri • 4 

r Ex. 1. If the diameter of 
a piston is 30 inches (Fig. 

II), find the total prcssuio 
On tlie piston. Pressure of 
Steam -100 lbs. per sq. in. 


I 


Area ~ ^ x 30* = 700 80 sq. in. 

total pressure on piston 
*100 x 706-80 = 70080 Ihs. 


*6~> 

Fic< 11 


I ,tlcu\ atvl piaton rod. 


Ex. 2. The diameter of the safety-valve in a holler is 3 inches; 
AttH the total pressure tending to raise the valve when the pressure 
. of the stc|j(i is ^20 Ihs. per sq. in. 

' 1 '< Area of valfe*^ x 3 s *7 '07 sq. in. ^ 

i w 

.*. total pressure = 7 07 x 120 =848 4 11«. 

i, Area of Sector of a Circle. - - To find th * area of the tcctof A R , 
(Fig. 12) the angle ti being known. 

the whole circle consists of 300 
. degrees, or 2t r radians, the area of tlie 
«(Ctor will be the same fractional part 
Jilthe whole area tliat the angle 0 is of 
or of 2ir. 

. Denoting the angle in degrees by .V, 


A r 


- 2t .. - a 


e.ee 

TTT 2 * 
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Ex. 1. Find the area of the sector of a circle gon twining an angle 
Of 42* the radius ofjthe circle being 15 feet ; 

* area of circle 15 2 ; # 

area of sector - Vo ^ y 15 3 ■ 82* 47 square f^et. 

Ex. 2. The length of the diameter of a circle is 25 f&t, find tlie 
area of a sector in tho circle, the length of the arc being ^.TOO feet, • 
The area of the sector wfll he the samf fraction of the fthole area 
that 13 09 is of the cucumference ; # , 

13 -09 ir * 

... v . x 25- - N 1 SI square feet. 

2i)\r 4 « 1 

• 

Area of an Annulus. ^ If R 

(Fig. 13) denote the radius of 
the outer- circle, and r the radius 
l>of the inner ; the area of the 
annulus is the difference of the 
two ai eas ; 

"7rA’-~ r/- 2 

= v(lt*-^ = ir(/t+r)(n-r) J 
", in ultiplji the sum and differ* 
run' of the tiro radii hi/ 3f to 
Fio. 13. Area of mi annulus obtain the area of an annulus. 



Ex. 1. Calculate the effective pressure on a frsto/P30 inches 
diameter (Fig. 14); the diameter of piston rod-timehes; and the 
pressure of steam = 100 llis. per 
sq. in. 

•Area on one side of the piston 
y (3*>) 3 — 1017*9, 

4 

total pressure 

= 1017-9x160; 
area of tho other side 

=J(3G*-0V 089*63; 



.-. total pressure = 989-63 x 160, 

or the difference in the total pressures on the two sides of the- 
piston is 160 1 1017 *9 - 989 -63) =4523 2 lbs. 



AREA OF AN ELLIPSE. 


4 ! 


Area of a% EUipse.— Denoting the two axes A A and BB of 
an ellipse (Fig. 15) by 2 a and 2A, it is easy to illustrate by Rising 
an experimental method^similaiAo that adopted in finding the 
area of a circle that the arm of an cllipw — ir x a x b. 
m Draw on a^lieet of card l ward two ellipses, the axes of which 
are 2a anfl 2 A, circumscribe one of them by a rectangle, and 
draw the#two axes A A and II B. •Make JJM~IIW, and draw 
MS parallel h^A7>. " • 

The area ofredth of the three reetgngles in a x 6, and as UMNO 
is Jrt5, the area of the shaded portion is 31 ah. 

If this area be cut out carefull y and plans! in one pan of a 
balance, wliile an ellipse of the same .size, and cut out of the 
same material, be placed in the other pan, the two will bo found 
to balance. 



Fio. 15.— Area of an ellipse obtained experimentally. 


Another method of obtaining the area of an ellipse is to draw 
the ellipse on squared paper. Count the enclosed squares? also 
estimate as accurately as possible, hh sliown on p 14, the total 
area df the squares partially cut by the profile of the figifre. 
By adding the two together, the area can be found. 

EXERCISES. IX. 

1. What is the diameter of a circular valve containing 227 square 

Inches ? 0 

2. Find the diameter of a circle coutaining 20 square inches. 

3. The area of a piston ia 4536 square inches ; find the diameter; 
of the piston-rod, which is l that of the piston. 
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4. Find the area of the* rubbing-surfaco in a steaip-cylinder 91$ 
inches in diameter, the stroke of the piston )>eingtJ ft. 8 in. 

5. A circular plot*of land contains 6 ac. 1 r. 38 p. 16$ yd*. ; what* ' 

is its diameter ? * * * . * 

6. Find the diameter «f a circle when the area in square inches, 

is (i) 7, (ii) 0000126, (iii) *0003142, (iv) *0314. . # 

7. Find the urea of a circle when its diameter in inches is (i) *064, 

(ii) -109, (iii) 3 3. # * - r 

8. A pond 25 ft. diameter is surrounded by a jyth 5 ft. wide; 
find the cost of making the pa$h at Is. lid. per sqifhro yard. 

9. The perimeter of a circle is tho same as that of a triangle, the , r 
sides of which are 13, 1 t, and 45 ft. ; find the area of the circle. * 

10. If the two perpendicular sides of a right-angled triangle are < 
70 and 98 ft. respectively, find the area of a circle described on the! 
hypotheimsc as a diameter. * ; 

ll The tw-o sides of a room are 25 f ft. and 14$ ft. in length ^ 
respectively at one end a semicircular bow ia made, the radius * 
being 10$ ft.; find the area of the room including the bow. 

12. A circle ia described tluough the angular points of a square of | 
fl ft. side ; find the area of the portions enclosed between the circle i 
and the sides of the square. 

13. The centres of two circles which intersect arc 12 ft. apart ; 

the radius of one circle is 9 ft., that of the other 8 ft ; find the area i 
of the part which i^commnn to both circles. | 

,, 14. A circular pond has an area of 1963T> square yards ; find the* 
Cost of fencing it round at 3s. 6d. per yard. | 

*' 16. The diameter of the high-pressure cylinder o^«n $ugine is 36 ' 
inches, that of the low-pressure cylinder is 70 inches^, finothe ratio. ! 
of the areas of the two cylinders. •' 

16. A lector contains 42°, the radius of the circle ia 16 ft. ; find ; 
the area of the sector. ^ 

17# The length of the arc of u sector of a gi\en circle is 16 ft., and 
the angle $ of a right angle ; find the area of the sector. Find also 
the length of the arc subtending the same angle in a circle whoso t 
radius fo four times that of the given circle. , ■ ' • ; 

ia The diameter of a circle is 5 ft ; find the area of a sector'"! 
’ wUch contains 18°. • , jjl 

" 12. Findtthc area of the sector of tlie end of a boiler snpport^i 

i gueset-stay, the radius of the boiler being 42 inches, length of Aftfcti 
25 inches. • 4jS 

SO. A sector of a circle contains 270®; find its area when ik-M 
■ radius of the circlo is 25 ft. . 

. fl. JThe radius of a circle is 8 ft. ; find the area of a sector of 
circle, the angle of which i% 36*. ' ^ 

"' 1 “ * ‘ l - h 
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q^ast Find tfce Julias of a circle such that tlie area of a sector 
Corresponding to an angle of 90* may l>o 181 *16 sq. ft. • * 

S3. Find the area of the annulus # cnclosed l>etweeu two circles! the 
outer 0 Inches and the inirer 8 inches diameter. 

34. The iitier and outer diameters of an annulus are 9$ and 10 
i Inches respectively ; find the area of the annulus. 

26. The area of a piston is 5944 7 square inches; what is the 
, diamete^t>f the air-pump| which is onedialf that of the piston ? 

$6. The diameters of ti»o piston and air-mtmp of an engine are as 
2 ; 1 12 ; find thefliarneter of the ait pump w lien the area of the pistol)' , 
is 1134 i square inches. , i 

27. What is the area of an ellintioul plot of ground, the greater 
and lesser diameters being 2tK) and 150 feet respectively ? 

28? The major axis of an ellipse* is 00 yds., the minor axis 40yds. j 
find its periphery and area 

29. What is the circumference and area of an ellipse when the 
major and minor axes are lfi andJ2 ft. respectii ely ? 

30. Find the area of an ellipse when the two axes are 70 ft. and 

50 ft 

31. The greater and lesser diameters of nn o\al man hole door are 
24 and 18 inches respectively ; what is its area ? 

32. A rectangular pond, 84 ft. long, GO ft. wide, was lengthened 

bv a semicircular extension at one end. Wli.it was then the area 
of the water surface ? " [UC.U,) M ; 

88. If the angle at the centre of a ciicle of 3 0 in. radius is 07", 
what is the length of the arc ? |L.C.U.J 


Summary. 

Ana of a Circle hero r and d denote the radius and ; 

diameter respectively. • v 

Area Of Sector of a Circle ^r 3 , where 0 is the angle in Indians . 
r subtended at the centre. 

.; , °'Ana Of an Annulus = r ( /f 3 -r 2 ), or, to find its area subtract the 
Square of the smaller radius from the square of the greater sad 
^multiply the difference by t. 

Area of aa Ellipse ~Txa6= product of iu scmiaxA mult 



CHAPTER VII. 


AREAS OF IKUK( JULAR fatiUKES TRAPEZOIDAL AND # 
SIMPSON’S RULES. PLAN I METERS. CENTRE. OP 
URAVITY. 

Areas obtained by the Use of Squared Paper.— The areas 
of irregular figures may he estimated l»y drawing the figures on 
squared paper, and counting the squaies enclosed l»v the peri- 
phery of the figure. 

As an introduef ion to this method it may he advisable t*» 
commence with such simple regular geometrical figures as tho 
rectangle, paraJIcIt^raiii, etc. (Fig. 1(>). 



FlO. 16 .— I’linillologrim^ on equal time.* and between the same parallels 
%re equal. # 

When any figure is drawn upon squared paper there will 
usually be* a number of complete squares enclosed by the’. 
■' periphery, and a number of squares cut by it. This is evident' 
fro*i Fig. 17, where the periphery ACS cuts a number of '■ 
equates and also encloses a numlier of complete squares. To, . 
estimate the value of any square cut by the profile or periphery ' 
of the figure, it is convenient to neglect any square which jk 
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obviously lc|j* tjjan one-half, and to reckon as a whole fqu&re 
any one cut which is equal to, oi^greater thgm, one-half. 





One defect of this method of optima ting areas is that large 
errors are likely to occur when^oitions of the jjeriphery of the 
figure are neaiiv parallel to the lines of ruling, This may 
readily be seen by drawing paiallelograms, or any simple 
geometrical figures, the bases of the figures making different 
angles with the lines, and comparing t lie* results so obtained. 

When the periphery of an irregular figure AliVUEF (Fig. 18) 
consists of a series of straight lines the area ^iay Is? obtained by 
dividing the figure into a 
number of triangles, and 
the areawf «§ch triangle 
may be obtained sed- 
ately. Tlie sum of the 
areas of all the triangles 
into which the figure has 
been divided will give 
the area of the irregular 
figurd. 

When the ordinates of 
an irregular figure, in 
fcrhich one or more of the 
boundaries may consist of 
carved lines, are given it 
would be necessary in the graphical method just described 
either to set out the ordinates on squared paper or to draw-; 
these to tome convenient scale, joining the extremities of the. 



Pia 18.— Aj»a of an irregular figure. 




1 

(. ^y an approximate curved line. In # this jjroceei^ 

errors are likely to^be introduced. Hence, several methods of ^ 
finding the area of $n irregular figur^ which depend only oft^l 
calculation are used. Of tlioHo we may notice three in # commoEf ; 
use. The one known as iSimpmi'n Rule is the most # accurate. 

Area of an Irregular Figure. — A common method of estira- * 
ating the arm of an insular figure, | U ch as OFEIi^ Fig. 19, ? 
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in which one of the boundaries is a curved line, is to divide 
the base OF into a numl)er of oqual parts, and at the centre of 
each of the equal parts to erect ordinates as shown. The length 
of each oidinate, wot, /<y, /v, etc., from the base OF to the point 
where the vertical W* the curve, is carefully measured, and all 
these ordinates are added together. The sum so obtained, 
divided by the ndtiiber of ordinates, gives approximately the 
mean height, h, or mean oidinate, OX, 7 » 

A convenient method of adding the old i nates i« to mark them 
on a slip of paper, adding one to the end of the other until the 
total length is obtained. 

|<Th© degree of approximation defiends upon the number of. 
ordinates taken. The approximation more closely approaches 
th«> actual value the gi'eater the number of ordinates usech i 
The product of tho mean ordinate and the base is the area-; 
I’equirod. For compamftivelv small diagrams, such as an indi^ 
cator diagram (Fig. 20), ten strips are usually taken. 

5??^ * 8 efficiently large to give a fair average, and, moreover*^ 
adding by 10 can be" effected by merely shifting the > 

y'The length of Ob y Fig. 20, may correspond on a reduced soaked 
W the travel of the pistyn In a cylinder, and the oidj^^-^ 
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f .' ' '*. • . V W 

x , , to a known scale, the pressure i>er Hanaro 

stroke^ felie fiteam in the cylind #’ ttt tli0 various points of the * 



Hence, the mean height OX indicates the mean pressure P 
of the steam, in pounds per sq. inch, throughout the stroke" 
\(tbe stroke being the term applied to the distance moved through 
by the piston in moving from its extreme j^sition at one end 
. Jfff the cylinder to a corresponding position at the other end). 

7 A denote the area of the piston in square inches, then the 
"total foiwwx^ted by the steam on the piston is PxA, and the 
work done bynhis force acting through a length of stroke l 
fafxAxL. If .V denote the ihiiuImt of strokes per minute/ 
^be Work done per minute by the steam -- PA LX, ■ */ 

V But the unit of power used bv engineers, and called a Horae-' 1 
,^0W«r r is 33000 ft. lbs. per minute. ■ 

^ , Efc^pO, Horse-power of the engine X 

PlSfci Fig. 20 the indicator card of an engine is shown j thy 
oMiwpfr of the piston is 23^ inches, length of stroke,# ft.,'Aa$' 
Radons 100 per minute ; find the mean pressure of tbo steamy 
L ‘jlie hone-power of the engine. 

^ the ten ordinates shown by dotted lines* we H&4 

7S-0+ 72*4 + 04'8 + f>3-8 4- 44 4 + 38 f) + 84 8 + 31 *4 + 23 Q 

=302. 
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Ab |here are 10 ordinates, 
meafl pressure 

= 50*2 lbs. per sq. inch. 

Area of piston =420 sq. inches ; 

Number of strokes per minut^=200. 

„ • 50 -2 \ » v|20 x 200 

•' Ho.w-p.m-cr = - x|(10( , 


The Trapezoidal Rule is another method to obtain the mean 


ordinate h , having divided tfto base into a nuuibei’ of equal parts, 
say 6 (Fig. 21), then : 0 


Divide, the luxe into any nunjwr of equal part* ; add half the 
turn of the end ordinate* to the sum of all the others. Multiply 
the result by the common, interval s to obtain the, area: divide by 
the number of spaces into which the figure is divided to obtain the 
mean ordinate. 

Mean ordinate x length — area of figure. 

It will be foun<i very instructive to calculate by means of this 
rule the areas in the following examples, and compare the 
results obtained with the more accurate values as found by the 
application of Sinqwon’s rule. o 

Simpson's Rule.— By means of what is called Simjjson’s rule, 


E 

G P n F 

Fin. 21. " 

the area of an irregular figure (JFED (Fig. 21) can be aacef*^ 
tained more accurately than by the trapezoidal method. ' " 

« * 



TRAPEZOIDAL RULEj *9 

The base (7/iis divided into an even number of equal parti. 
His ensures that the number of ^rdinatea i§ an odd number, 
3, 5, 7, 9, In Fig. 21 ^he base OF is divided into 6 equal 
parts, and the plumber of ordinates is therefore 7. 

^ Denoting, as before, the lengths of the ordinates QD,pm % nr , 
etc., by A t , Aj ... A 7 ; then, if s denotes the common distance 
or space between the ordiyites, we hftve 

Area of =?{/«, 4- A, + 4 (A 2 A 4 + A 0 ) + 2 (A 3 + /,,)> 

• ■' =|(,1+4j5+2(7)* 

where A denotes the sum of the first and last ordinates. 

« ft » „ even ordinates. 

» C „ „ t^d ordinates. 

*’• Add together the extreme ordinate*, four time s the sum of the 
men ordinate 8, and twice the sum of the odd <trdiunt.es (omitting 
the flint and the last). Multiply the result by one-third the 
tomnum interval between two consecutive ordinates. 



. The end ordinates at (i amf F may ls»th be zero, the curve 
oaunencing from the line f/A’(Fig. 22). in this case A is zerft, 
Ijd the,fonnula for the area becomes # 

uaing the given values in Fig. 22, where the length oi 
^jaMinatee are expressed in feet, we have 

& ‘ »m-|{0+4 (9-0+ 104 +6 «) +2 (9'7 +88)} 

3 
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1^ certain cases the given figure may bp bounded by two 
curved lines I)G jind AW, n^ul the two straight lines DE, FO 
(Fig. 23). Hie ordinates would thei^correspoiid to »p«, rq, etc. 
If the two curved boundaries are symmetrical about a lino AS, 
it is only necessary to give the half-ordinates />?/>, r#, etc., and 
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each of those ordinates may l)e doubled. Or, by substituting 
the values of the half-ordinates in Simpson’s rule, half the area 
is obtained, and this, when doubled, is the area^q^-ed. 

So far m applying Simpson's rule it has bctm assumed that 
the ordinates dixide the base into equal spaces. When this is 
.not the case the figure may be drawn to scale, and ordinates at 
equal distances drawn ; the lengths of these ordinates can be 
lmlUuml, and the area obtained by Simpson’s rule. 

v Ex. 2. Tim half ordinates of two curved lines (W % EF (Fig. 23), , 
the common interval l>eing 1*5 feet, are as follows : 2*3, 2*35, 2’40, 

2 57, 2 42, 2-21, 210. Find the aroa. 

, Extreme ordinates 2*3 -f2 , 10=4 , 4. 

Remaining odd ordinates, 2 -46 4- 2 ’42 =4 ’88. 

Even ordinates 2 35 + 2 57 4 2*21 =7 13. 

Area ==- - (4 ’4 4- 4 x 7 ’ 1 3 + 2 x 4 ’88) * 21 \34 square feet. 

Hence, area of DEFil * 2 x 21*34 = 42 1>8 square feet. 
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When the ai^a is not symmetrical about a line ; parallel Jjnes 
such as FO and tZD (Fig. 24) 
are drawi^ touching the egrve, 
and C'/), FE are also drawn 
perpendicular* to the former 
and touchiifg the curve. 

As befotf', the base (^' is 
divided in lo a npmber of cipml 
parts and the ordinates of the 
curve measured ; from these 
values, proceeding as before, 
flio are^ can be obtained. 

Ex. 8. The ordinates of a curve (Fig. 24) ate in feet, 4‘H, 6 - 5, 
7 * 0 , 7 ' 7 , 7'5* 7 *8, 7 0, 7 2, 5'5, 8 0, respectively mid the common 
interval is 2 feet. Find the arcir(a) by common iule, (//) by 
trapezoidal rule. 

(a) The sum of the ordinates-- <H*6, as there are 10 ordinates, and 
base OF -'20 it. 

Area - x 20= 120 2 s«| ft 

(h) If ordinates dividing the ba^e into equal parts are drawn, 
their sum is found to be G4 8; ..tin 1 an ‘a -04 S • 2 I21H> wp ft. 

Ex. 4. A force Pacts along a line AE\ the values of the force at 
A and at ptrtWWH* 6, 9, and 12 from A me respci lively 5 0. 88, 28, 2.1, 
and 24 lbs. PrttW a diagrajn of the vvoik done liy the foice and 
calculate its amount in foot-pounds. 

In Fig. 25 at the points along .1 E ordinates (equal to the rupee* * 
tive values of F at those pointy) are drawn as shown. If a fairly 
even curve FO Ihj drawn through the points so obtained, the area 
A FOE represents work done. 

If we add all the ordinates together the sum is 162 ; dividing this 
by 5, the numl>er of ordinates, wc obtain veij roughly the mean 
ordinate to be -- lbs. This, multiplied by the length AE- 12 ft., 
gives the work done by the force in foot-pounds *, • 

/. - j- x 12—388 j- 

, . A much better result is obtained by Simpson’s Rule, thus : 

Area of curve » l {50 + 24 + 4(35 + 25) + 2(28) } 

* = 74 + 240 + 56 =370 foot-pound*. 


* E 
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T^a example also famishes a good instance of the superior / 
accuracy of Himpsop's Rule. If we assume that no more than the / 



three values at 50, 28, and 24 are given, as the common intervs 
will now he 0 ft, 

Area -= S (50 + 24 -I- 4 (28) t 2 \ 0) } ; ; 

• -2 (74 +112) = 372 foot-pounds. 

Although, rn ^howri in the preceding examples, the mog 
accurate. insults lire obtained by Simplon’s Rule; in all caso* 
the ami obtained may if necessary be oheckjjj Vy the rough! 
method. • 


■» A'.r. fi. The length of tho Ihwo is 10 inches, and the lengths p& 
nipe equidistant ordinates tire os Allows : 0, 1 T», 2 a, 3, 4 5, 5’5, fl’ff 
7 » 0; the common iuterval is 2 inches ; find tin; area. $ 

*' ‘ Ai-ea~S{(0h0)-4 4(l-5 + 3 + r»-5 + 7)t 2(2f>+4-5+6-3)} 

— 3(68 + 27)- 3 x 0 o-t ». v 3 wp inches. * 


^ As the area of an irregular figure is the product of the length 
of the l3we (//’and the mean ordinate, it follows that when the 1 ' 
area ia obtained the mean ordinate may lw found by ffijdfe ^ 
the area by the length of the base. Thus in Fig. 20, p. 430* 
G/’denotes flinches, the division into 10 equal parte will | 
common distance between each ordinate to be 0 inch. ( 

^ rough result for thq, mean ordinate has been qb; 



AVERAGE CROSS-SECTKV^. 

■-more accurate* regulfc can bo found by Simpson’s Ruta m 
follows : # # 

Exl^emo ordinates ~|G5 , 8+ 13 6 =60*4, 

E vei^ ordinates = 7 1 *2 + 70 4- 48*2 4- 36*2 + 28*4 » 254, 
Odd ordinates - 72*8 4- 58*4 4- 40*8 + 33 = 205. 

^rea of figure (69‘4 + 4* 254 4- 2 x 205) 

• # —21)0*08 sq. in* 

/. Mean ordinate ~ - 4lT*85 in. 

By using 10 instead of 11 ordinates, and adopting the rough 
method an approximate result 50*2 lias been already obtained, 
{seep. 47.) 

Average Cross Section. — The volume of a solid is obtained 
' multiplying together its average cross-section and its length. 
Simpson’s rule may l>o applied with advantage to obtain the 
s^yerage cross-section, when the cross-sections of an irregular 
body at given intervals are known. Tn the rule it is only 
Wcessary to substitute the words ‘area’ for ‘ ordinate ’ and 
1 Volume ’ for 1 area.’ If A denote the mean height or average 
. cross-section, then as the area 
is given by 

C\ 

r ind the length *A ll is known, 
f the value of A can be obtainod. 
j%^An important practical case 



lodcutt when only three ordi-* 
nates (Fig. 26) are given. 

f 3& case C is 0 ; .\ area of U FED ■=**-{ A 4 4/?); 

afeA' 1 ' J 


l#^A«*/x A is also the area of UFED ; 

&xA = £(d4-4fl); 

1 


A=i(A + 4Z?), 



i 


nr«iu» sections If 8 *® of tat and l*at sections . 

+4 time, the middle MetioJ' 
nasthePrismoidal Bole. 
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I| using Simpson's rule, to avoid, as far a^ p($sible, mistakes 
finding their way*into tho w^rk, other methods consisting of the 
arrangement of the given numliersfinto vertical cqjumns are 
used. This can be best shown by an example. ^ 

hx. /. 1'iud the cubical contents of a log of timber 30 feet long, 
the cross-sectional aieas at intervals of A feet lieing respectively 7*5, 
5*08, 3. >4, 2A2, 1-80, 1*24, 0*92 srpiarl feet. Find a%o wliafc the 
volume would In- if only the cross-sectional area* of the tM*o onda 
and the middle Merc given, • * 


(1) Oi dilute, 

7« | Vos 

j 1 " 

1 3 At ! 2 52 

186 1-34 

• 

| 0-92* 

(2) Simpson’s ) 
Multiplier , ) 1 

i ! t 

# 

! 2 j 4 

i 

2 1 4 

1 . ,, 

(3) Product, 1 

% 

7 A , 20-32 j 

7-08 j 10-08 

3*72 j 5-36 j 

•92 





- 


Adding the mimUua m the last row (3) together, tho sum is found 
to 1 ki A 4 ’OS. 

As tho common interval is A feet, 


, A4-08 x A 

\olume - - -91 (} cub. ft. 


^ hen only tine* oidmates are given, 
then, J- 7 A I *9*2 _ 8*4*>- 

* lso ’ Hi 2A2 4 ftl-US | * 

. d + 4/>*. 185. 

Tho common interval is ihw 15 feet ; 

volume - ! 8 -- «2 !i cul>. ft. 

• Or, hv tho Prlamoidal Rule. wo could fi,„l U.e mean on average 
oross-sootiou, and multiplying I,y the length obtain the volume. ' 

Thus, average section -^( 8 - 42+4 x 2 ‘52) — ; 


18*5' 

volumes x 30= 


92*5, as before. 


Other methods of finding the area of an irregular figure; 
instead of those which have now been studied, are by means of 
weighing, and bv usim? a nlanimntMf 'V- ‘ 
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By Weighing. —Draw the figure to some convenient scale, or, 
if possible, full size, on thick paper or canlboard of uniform 
thickness. Cut it out carefully.* Also cut*oufc a rectangular 
piece froilft the same sheet ; find the weight of the rectangular 
piece and lu#ice deduce the weight of a square inch. Then 
knowing the wciglit of tin? irregular figure and the weight of 
unit area,^he area of the^igure can be calculated. 

Planimetera - The planimetcr is aif instrument for estimat- 
ing the areas of irregular figures. 'Jihere aie many hums of the 
instrument to which \ arums names Hatchet, Amsler, etc. - are 
applied. Of these the more expense and accuiato forms are 
mostly modifications of the A wafer pfamweter. 

Hatchet Planimeter. A hatchet planimetcr in its simplest 
form may consist of a O-'diajied piece of metal wire(Kig. 27), 
one end terminating in a loiind ^ nut, the other in i knife edge. 



This knife edge is rounded or hak'het-shajs.d, the distauce 
between the centre of the edge K and the point 7* way l*c madd 
5, 10, or some sueli convenirtit number. This length maj be 
denoted by Tl\. 

To determine the area of a figure we proceed as follows : # 

* (a) Estimate approximately the centre of gravity of the area 

(p. 68), and through this point draw a straight line across the 
figure. # 

- (5) Set the instrument so that it is roughly at right angles to 

this line, with the point T at the centre of gravity. When in 
this position a mark is made on the paper by the knife edge 
Holding the instrument in a vertical position, the point T is 
made to pass from the centre to some point Pin the periphery of 




00 



the figure (Fig. 28), and then to trace once round the outline 
of thl figure until point P is again reached, thfcnce to the centre ! 
again. In this position a maift is agaiji made with the edge K.*\ 
The distance between the two marks is measured, thf product 
of this length and the constant length TK gives tie area of the 
figure approximately. * 
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To obtain the result more accurately, it is advisable when the 
point T (after tracing the outline of the figure) arrives at the 
centre to turn the figure on point T as a pivot through about 
180®, and trace ftie periphery as before, but in the opposite 
direction. This should, with care, bring the edge K near to 
where it started from originally. The nearness ofthese marks 
depends to some extent on tho accuracy with whi^PTBe centre of 
area lma Wen estimated. # 

The area of the figure is the product of 77T, and the mean 
’distance between the first and third marks. 

To prevent the knife edge K frotn slipping, a small weight 0 
(Fig, 27) is usually threaded on to tho arm BH\ the portion if 
tho arm on which the weight is placed is flattened tojrecefaj 
it The arm BA is usually adjustable, and this enables thl 
instrument to be used, not only for small, but also for eompsHs 
tively large diagrams. . . - ^ 

Axnsler Planimeter.— One form of the instrument ia ahoiS 
in Fig. 29, and consists of two anus .1 and C, pivoted togethif 
at a point B . The arm BA is fixed at some convenient point s! 
Tho other arm BC carries a tracing point T. This irpAljri 
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I «w outline of the figure, the area of which is required* 
The arm BO* carries a wheel D, the rim of which is usually 
.divided into 100 equal parts, • • 



Fifl. 29.— Am«lor planlruoter. 

Wlien the instrument is in use tho rim of the wheel rests on 
tile paper, and as the point T is^irried round tho outline of the 
figure, the wheel, l>y moans of a spindle lotating on pivots at a 
and 6, gives motion to a small worm fr\ which in turn rotate! 
the dial IK. 

: ti *One rotation of the wheel corresponds to one-tenth of a * 
■ revolution of the dial. A vernier, V, is fixed to tho frame of 
the instrument, and a distance equal to {) scale dirisions on the 
' rim of the wheel is divided into ton on this vernier. The read* 
ings on the dial are indicated by means of a small finger or 
^.pointer in Fig. 29. If tho figures on the dial indicate 

those dh the wheel will bo ^ths ; an each of these is 
subdivided into 10, the huIkU visions indicate ^ n ths. Finally, 
vernier, l,in which of the wheel is divided into 10 
euab,e a reading to bo made to three places of decimals. _ 

B btain the area of a figure, the fixed point a is set at some 
ent point outside the area to bo measured, and the pojpt 
>me point Jn the periphery of tho figure. Note tho. 
of the dial and wheel. Carefully follow the outline of C 
UntU the lradn £ P°int T again reaches thg starting-' 
H8F!$ ^ *8““ uke the reading. The difference between t 
yNro readings will give tho area of the figure. ?j 

^ To bM&in proficiency in the use of the instr um ent it is advu* 
?**t UBe k to find the area of a square or other simplft! 
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To find the area of an irregular figure with accuracy, the 
meantjf two or three readings may be taken, a* in*the following 
example : * • ? 

AV. 1. If the reading on a planimetor (set to rea<l sq. ft.f is ’4895 j 
an<l the reading when the tracing point lias moved oRce round the 
diagram is -(>21)2 ; 

"W# of figure «>2<)2 • 4S95 131)7 sq. ft 

When another journey is iffwle tlie re.ulirfg is *7088 ; 

aiea--'7<WS - *(>21)2-- • 1390 s<j. ft. 

A third journey the reading i* 8083 ; 

.. aiea *083- 7088 - 1395. 
area of figme - ( 1307 I 131)0 i • 131)3) : 3 -- *1396 sq. ft. • 

Centre of Gravity. Kve.y „f a l.<„n is attracted 

by the earth, a.,,1 the total foiee 1 xtitutex the weight 

of tho laxly, rile sejiaraie f^ve. due t„ the weights of the 
eonstituent (wlieles me (Imrteil tow, mis tho eentre of the 
earth, and uro theiofoic piacticalU parallel forces. Tim re- 
sultant of all thiw jvuallel forces, or the weight of the body, 
will art through a definite point. This point is railed the centre 
of (jnnutff of the body. 

Caitrr of '/rarity of ynnnctncal ./ir/ims. The centre of gravity 
of symmetrical bodies is also thru geometrical centres. Tlius, 
the eentre of gravity of a disc is the centre of its circular surface ; ' 
ot a rectangle, parallelogram, or squaie, the inter s^ ±ion 0 f their 
diagonals. 

Centro o/iffimt# of a trunn,h>. In ./triangle any line drawn 
parallel to the base will have its eentre of gravity at its middle 
point. Hence the centre of gravity of the triangle is in a line 

^0 
. w 

A 

Flo. .% * Centre of grawtv of a triangle. 

joining the vertex to the middle point A of the ophite side 
(Jlig. 30.) 

In a similar manner, as at li, taking another line as hase, 
the centre of gravity is in the line joining the apex to the, 

' * * . Z. r 




CENTRE OF GRAVITY. » 

' - ' " ' W 

middle point of the opposite side. The point of intersection 
of the lines so obtained, as at C, Fig. 30, is the centre of jfnivity 
of the trianglo ; it is e|*v to verify l>y measurement or by a 
simple application of Euclid, l»k. I., that the point of inter- 
section is at^one-third the line measured from the base, 


Centre of gravity of irrvgn far figure*. To find the, centre of 
gravity a>f an irregula| figure, tl*‘ outline may be drawn on 
cardlmru or sheet zinc, then carefntiy cut out and suspended, 
as shown in Fig. 31. . 

The centre of gravity 
is in the vertical line 
passing through the 
point of suspension. 

Now suspend it fiom 
any other jaunt, again 
the centre of gravity 
is similarly in the 
vertical line passing 
through the point of 
suspension. Hence 
the centre of gravity 
of the face is at G 
the intersection of the 
two linej^jiind. If 
the body is of uniform thickness the (untie of gravity of the 
body is at the middle [M>int of a line passing through G at right 
angles to its plane surface. • # . 



is fpiivity of an Irregular 
ilguic 


EXERCISES. X. 

l, # Draw a semicircle of inches radius; find its area by 
Simpson s Rule. 

2L Draw an ellipse, major axis 12 in., minor axis 8 in., and find 
lt« area by Simpson’s Rule. • \ 

3. The ordinates of a curve are 4, 5, 6, 7, 8, 12, and 14 ft, 
respectively; find the area, the common interval being 3 ft., fi) mdnfl 
the common rule, (ii) by Simpson’s Rule. 

4 The half ordinates of an irregular piece of steel plate <*■> 
uniform thickness, and weighing 4 He. per mj. ft., are 0, 15, 2*5, 
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6, 6*75, 7*25, 9, 8*75, 7, 6, 5*25, 8*5, 2, and 0 ft. respectively; tW» 
oomttubi distance between the ordinates is 5 ft. Finer Its weight. '*-■ 

6. The ordinates M an irregulhr pieces of land aro 3*5, 4*75, 5**25, 

7*5, 8 25, 14*75, 6, 9*5, ami 4 yds. r&pectively ; tho common 
interval is 1 \ yds. Find its area. 0 V( 

8. The equidistant ordinates of an irregular piece of sheet lead, f- 
weighing 6 Ins. per nq. ft., arc respectively 2, 4, 9, 6, and 3 ft. ; the 
length of tlic base is 8 ft. Fintl its weigh^ v 

7. The half ordinates of*the midship section of a vessel are 12*8, '? 

12*9, 13, 13, 13, 12 9, 12 0, 12, 10*5, 0, and 1*5 feet respectively, and " 
the distance between each of tfiem is IS inches ; find the area of tho ■ 
section. e ' 1 

8. The transverse sections of a vessf ' are 15 ft. ajMirt, and the 'j 
areas in square feet aro 4*8, 39 1, 105s 159*1, 183*5, 173*3, 127*4, 
5712, And 6*0 respectively. Find the volume of the vessel. 

'? 9. Find the number of cubic feet iu a log of timber, 30 ft. long, 

whose cross sections every six feet are 10*4, 11*30, 8*08, 5*84, 4 *32, ; 

£ 3*08, 2*04. What is its weight iftJhe specific gravity of the timber 

[/ 10. Find the area of an irregular piece of land ; the lengths of 

r seven equidistant ordinates being 15, 19, 20, 23, 25, 30 aud 33 ft. ■ 
respectively, the common interval 12 ft. 

11, Tlic five equidistant ordinates of a curved syvace are in feet 
8, 10, 12, 14, and 15 : the common distance being 0 ft. What is the 
area? • 


12 . The ordinates of an irregular figure nre found to be 8*2, 7 * 4 , 

! ' 9*2, 10*2, and 8*0 ft. respectively ; find tho area by the three 
*' methods, the total length of the figure being f> ft. 

G* 13. The length of a tree is I7f ft., its girth nr ciacumference at ■ 
five equidistant places ln'ing 9*43, 7*92, o*I5, 4*74, and 3*16 ft, . 
4* respectively, Find the volume of the tree by three methods. \ 


14. The length of an indicator .diagram is 4 inches, the end ' 
..ordinates are 1, 22, and the other ordinates are* 1, *8*2, *71, *55, *45, , 
; v‘38, *33, *29, and *28 inches; the scale of pressure is 60 lbs. per'" 
“ so. in. to ono inch. Find tho mean pressure (i) by the common rals^ 
‘7(ii)ly Simpson’s Rule. , 

' 16. The transverse sections of a vessel are 18 ft. aport ; the areas ^ 
6*5, 55*8, 132*0, 210*9, 206*3, 289*5, 280*2, 235*7, 161*2, 77« 
Pttkd 10*9 sq.^ft. respectively. Fiud tho volume of th« vessel. 
f&L The flagstaff at Kcw is 215 ft. long ; its diameter at the basts^ 
'Mt 8 ft. aud at the top 1 ft. Fiud its weight, assuming a circulate! 
^orpSS'Seotion throughout, if its timber weighs 38*06 lb. per ouh. ft. i 

fe v 17. The depth of a railway cutting is 27 ft. Its breadth at tra 
|-tOp it 74 ft., at the bottom 49 ft. Find the oost of oxoava tjlfodll 
|l«flgth.pf 80i yards at is* 9|tL»pw oubioyard, *. ^ - ■, :iMK$sBSl 



SUMMARY^ 01 

18. A line^of telephone wires is 14 miles long. The poles on 
which the wires aro hung arc HO ft. long, base diameter 10 li., top 
diameter 6 in., and arc placed 00 It. apart. Hind cost’ of timber at 
2a. Od. per cub. ft. • [N.U.T»] 

^19. A bucket is 8 in. internal diameter at the l>ottom ami 12 in. 
at the top. If the depth is Ik in. , find the volume and weight of water 
it will hold. [L.C.U.J 

. 20. Tl* length of a treloli is HO ft. ‘uniform depth 5 ft. ; it is 12 ft 
wide at the top and 10 ft. wide at the* bottom. How many cubio 
yards of soil are removed in excavating the trench ? How many 
gallons of water will it hold when fufl ? [U.E.I.] 

21. From equidistant points in a straight path 00 yards long, ran* 
ding along one side of a field, the perpendicular distances to the. 
boundary are 0, HO 8, 50 (5, (>.">, (50, (17 2, (>4, 50, 34*2, 20 0, 15, 8, 
and 0 yds. respectively. Calculate the area of the field. [N.U.T,] 


% 

Summary. 


The area of an irregular ligme imm 1h- obtained tlms: 

Divide the figure into a number of equal sjsvees, and erect ordinates 
at the centre of each space . 

(1) Add the lengths of all the ordinates together, and, to obtain 
the mean ordinate, divide the hiiiu by the iiuiiiIht of ordinates. 

(2) Trapexoidai Rule. -Add half the sum of the end ordinates to 
the sum of all the others, and di\ ide this 1>> the immlier of ordinate* 


to obtain theiman ordinate. * 

(3) Simpson^ Rule. -Add togethei the extreme ordinates, four 
* times the sum of the evm ord mulct*, and tuna- the sum of the odd 
ordinates. Multiply the i era 1 1 by one third the common interval. 

; In each of the above the ftiea length x mean ordinate. • 1 »'j 

, Average Gross-Section -- (fiim of fust and last sections + 4 timet ’ 
middle section). • A 

Arts by use of Squared Paper. — Draw the figure on suuared paper* 
ftatimate the numlier of whole squares within the boundary, ambfcb#.; 
^fractional parts cut by it, and add the two together. 

^ ATM by Weighing. — Draw the figure on a sheet of uniform thicks 
&M*S, such as a sheet of cardboard : cut out the figure M CSMH^ 
f fully as possible: also cut out of the nine piece oftardbo&rd a" 
lYectangular piece, weigh the latter; hence deduce the weight of a , 
| square inch, and from this, knowing the weight of tlie irrejjUar, 
jlpgare, its area can be found. 

PfcA yiauUnstsr is an instrument by means of which the area of 
^n^ar plane figure can be mechanically determined. 
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UNITS OF VObUMK. UNITS ul- MASS. UNITS OF 
WKIUIIT. DENSITY SPECIFIC (JKAVITY. * 


Measurement of Volume. --If >«'" examine .°>2, which 
represents a cubic foot, and Ixmi^u mind whut you li;i\e already 
learnt, you w»ll family under, taml tliat each edge of the solid 
there represented is mcasuicd as a length and is 1 foot, or 
12 inches. Each of its fairs has an aica, which fan he obtained 
by multiph ing together the lengths of two of the edges which 
meet at a corner. But the size of the solid, or the amount of 
loom it takes up, or tho 
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PiO. 92.— To explain why 1 7 JS r'lhie inches 
nuke entJ cubic tom. 



space it oi i u pies is quite a 
ditleicnt thing. This now 
mcasuicinciit hat. i^ 

cal 1^1 its voli*me. 

Tho \olnme of a solid, 
body is obtained by mea- 
suimg in three directions. 
.Just as to find the area of 
a mu face we measure its 
length and breadth, So to 
measure the volume of a 
solid we must find in addi* 
tiou to measurements o ( length and lueadth, another distance 
called the thickness. If we multiply length, breadth, and 
thiokness together we obtain a volume or cubical content. 

Returning to our cubic foot for a moment, let ns find how 
many cubic inches it contains. We know' already that any one 
of its faces covers 144 square inches of surface. In the cube 
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UNITS OF CAPACITY AND t VOLUME. 

we can think^of a layer of 141 mine inches, or little culna each 
edge of which in an inch, and ^ach face n£ which is a square 
inch. How many such layers arc time in the whole cubic foot '( 
Evidently there are twelve layers 
UonsoqueAly, in the whole cube wo ha\o 11 1x12 1728 little 

cubes the edges of which are one inch long and the faces of 
which are each one sqi|ue inch *<)r, one cubic foot contains 
1728 cubic inches. • 

Wo could i eason m the same ^ay to lind out how many 
cubic feet are required to build up a cubic \.i»d. We may 
wiilo down, theiefoie, • 

• 1728 ( - 12 x 12 x 12) cubic inches make I » ubic foot. 

27 (= llx 8 x 3) „ feet ., I „ yard. 

Units of Capacity and Vojjme. In the Hulls!) system an 
arbitrary unit, the gallon, is the sfandard >imt of utfntnt y and 
ndutnr, and is defined as the \olunie on upied b\ lo lbs. of pure 
water at a tempeiatuie of t>2" F. 

With a few exceptions, all bodies cxjwnd by beat and contract 
when cooled; lieno- the tcmjH'iature of (he water must be 
given in thus defining tin* unit of xolunn* 

The weight of a <ubic font of watei depends upon its tem- 
perature. Thus at 32" F. the weight is *!2 118 lbs, at (12' F. 
die weighty (12 3.V» lbs, and at 212 is b!)t>l Him. A good 
average \?me # is (!2 3 lbs. Fm u.iuciuoikc m calculations, a 
cubic foot is sometimes* t.ikm to be 9] gallons, and its weight 
1000 oz., oi 02.7 lbs. Hence the weight of a pint is about 
1| lbs. 

A larger unit is tin* volume of a cube on a base; of which 
the length of each side is 1 foot and the height HE also 1 foot. 
The volume of such a ciilx* is 1 cubic foot. j 

When the unit of length is one >nr//, the unit of volume is one 
cubic iui'h. 

In Fig. 33 a cubic yard is represented. If MlCf) represent a 
square having its edge 1 yard, the area of the square is 9 square 
feet. If the vertical sides, one of whidi is shown at DE^\m 
divided into three equal }>arts, and the remaining lines b© 
drawn parallel to HE and the bats; respectively. Then, as will 
be aeen from the figure, there are nine ]»erpendicular rows of 
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small jubes, the sides being 1 foot in length, area of, base 1 square ; 

toot, and volume l t cubic foot { Also there are three of these** 
cul)es in qieh row, making in all 
3x9=27. Tims 1 cubic yard -27 
cubic feet, />. 3 x 3 x 3 ~ 27, and the 
weight of a cubic yard of pure 
water wouljl therefore be^27x62’3 
lbs. -1682’ 1 lbs. 

„ In this example, and also in 
considering the weight of a gallon, 
the student should notice that the 
specification “pure” water is peces* , 
sary, for if the water contains 
matter either in solution or mixed 
witli it, its weight would lie i^teml. Thus, the weight of a ^ 
cubic foot of salt water is 6t lbs, and the weight of a gallon of < 
muddy water may Ikj 11 or 12 lbs. instead of 10 lbs. 
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Pio. 33, A cubic yard contains 
27 cubic fe«t 



. Ho. 34 —Cubic dodmetre (1000 cubic centimetres) holds I kilogram or 1000 
pmm (1 litre) of water at 4* C. 

. Metric Measures of Volume. —We proceed in a sinriW 
1 fly when we wish to measure volumes by the metric system. ■% 




MEASURER OF VOLUME. 

A block buijj up with cubes representing cubic centimetres is 
shown in Fig. 34. * 

The ci^>e measures 10**e»timetres each way, and its volume 
is therefore a cubic decimetre. There are 10 centimetres in a 
decimetre, so the <dgc of the decimetre nil** is 10 centimetres 
m length ; the aie.i of one of its faces is lox 1(‘ 100 square 

centimetr<|j ; and it-' vjlmue is io> 10 x I0-- 1 <>»x 10 = 1000 

pubic centimetres. 

In the Metric S\stem the unit < f \olume is called a Litre. 
At ordinal y teiiqjeiatme it is vei\ nearly a cubic decimetre, 
.or 10(K) ruble cciitnucti is (Fig. 31), and is equal to l ‘TO English 
pints. # 

We have found that the unit of aiea is, for convenience, taken 
to be one square emtimetie, the coi i esj>oiidmg unit of volume* 
is then the cubic centimetre (<■ «• \ 

MEASURES OF VOLUME OR CAPACITY. 

British. 

Unit volume /« the eoh/ine writ pied by a jfofhm, <>r 10 lb*. of 
water at a temperature of <12 ‘ F 

One fourth pint of a gallon is a quart, and an eighth part of 
ft gallon is a pint. 

1728 cubic inches — 1 cubii fool. 27 cubic feet 1 cubic yard. 

Metric. 

Unit Volume.- The litre lit the rolmne ore u filed by 1 kilogram 
of water at 4° C. 1000 cul>ic centimetres- 1 litie. » 

The standard temperature 4‘ (’. is not \erv convenient, and 
the temperature 02° F.. or IfljM', mav be used instead*; a 
suitable correction for the expansion of substances for an 
increase* of temperature must be made if necessary. # 

Volume. 

Conversion Table. • 

1 cub. in. = 16*387 cub. cm. 1 ecm. 061 cub. in. 

;t „ ft. = 2*316 „ 1 litre -61027 

„ yard = 764535 =1 76 pint, or 

flpint =567*63 „ & '2*2 gallon. 

^ gallon =4541 „ 

ii. k 
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T^e mass of a body is the quantity of matter contains. 

The British Unit of Mass is the Pound Avoirdupois. The 

mass of a laxly is asceitained by eompyiug it with the^Standard 
mass. 

The Ikitish Pound is defined as the quantity of matter in a 
platinum eyhmler depoMted in the others of the Hoard o? 
Tiade ‘ | v 

Aeeurate topics of the Standard, as well as multiples and sub- 
multiples of it, aie to be fyund in v.uious paitsof the country. 
The sub-multiples of the unit .ue obtained by di\idiug the unit 
into sixteen eipial paits, ‘each ealled an ounce. A smaller 
measure of mass is obtained In dividing (he ]xmnd avoir- 
dupois into 7000 equal parts, each of which is ealled a grain. 
Thus, one-sixteenth p.nt of the unit is an ounee, and one seven- 
thousandth |>ait a gi.un. ^ 

lly the operation of weighing \eiy aeeurate copies of the 
standard can be made 'I'he choice of platinum as a suit- 
able niateiial for the standaid is made on account of its 
being a substance not liable to be atleeled by atmospheric 
intlucnees. 

The Metric Unit of Mass is the Kilogram. The metric 
standard of mass is conveniently obtained from the correspond- 
ing unit of volume The kilogram, for such the standard is 
called, was oiiginally defined t<» be the quant ityflfltonutler in a 
cubic deeimctir, or litre, of pure water, at its*temperaturo of 
maximum density 4' C. It is now defined to be the mass of a 
'platinum cylinder deposited in the Fiemh Archives. For all 
practical put jioses a litie of pure. water at 4 (\ weighs 1 kilo- 
gram or 1000 glam*. Hence, since, as lias been seen, the litre 
contains I OlM> cubic centimetres (e.e) a it nun u the vitm of a 
cm We vent > nH'tft' o f lu/fi'r at a ft m jurat nn' of -I J ( '. The gram is 
the usual unit used, and heme when we know the volumo iu 
cubic centimetres of any quantity of water at 4° (A, we know 
also its mass in grams. 

It is adv i sable to rcmemW that there are 4f>3*593 grams in a 
pound ; that 1 gram -=15* 13s! grains ; and a kilogram - 2| lbs. 



WEIGHT AND DENSITY. 


R7 


British and Metric Measures of Mass. 


ir>3'. r >lM gm. 


I grain 9 *= -0(j 48 gin. j 1 gram 

1 ounce avoirdupois- iN .'k’i gm. | 1 kilo. 

7(X)0 grains ^ 

1 poind (lb. ) J 

1 ton j ^1 v |o'i if,,,. 

1<> milligiuiu" I (ciHigiam 
10 • entiginiiis 1 «h-cigt,im 
lOOOgiams 1 k, Ingram. 


1.0-132 grains, 
2 2 lbs. 


* Weight. Tin- irtui/ft/ of a hotfi/ is the force which 

the wfl'tli exriis i»n (}m* body at nr near its miiI.uv. It vanes 
with the* position of the bod\ on the e.ntlix mu fan', being 
greatest at the poles and least at tin- equotoi 

Hence the weight of a jmtt tufts a quantity of four, \i/„, the 
force equal to the tension of a stung supposing a mass of 1 lb., 
or, as it is commonly called, a pound weight. Tin* foiee of 
gravity varies with the distance from tin* earths rent re ; thus, 
at a place where giavity iH nil, such as at the untie of the 
earth, the weight would also be ml 
Tho weight of tin* body, equal to tin* tension of (he string 
supporting it, could be ascertained by attaching the string to 
a spring balance. If the mass attached to the balance could bo 
carried froifPThe pole to the equate! , although the mass lemains 
constant, its wnght, as^indu-ated by the balance, would vary 
continuously. 

I3v means of an ordinary balance or pair of scales the mass of 
a laxly in terms of the unit mas*, or the weight of a brxjy in 
tenna of the weight of the unit mass, ran be obtained at the 
particular place where the estimation is made. # 

The operation of finding tin* weight of a In sly is- called 
weighing. The laxly whose weight is to be found is placed in 
one pan of a balance, and known weights are placed in tho 
other pan until the two are balanced ; the sum of the weights 
used is the weight of the lxxly. ^ 

Density. — The demit g of a sidm/anee in thr mom of the unit 
volume of it. Assuming the density to be uniform, the density 
of a substance (when the unit of mass is one pound and the 
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unit pt volume one cubic foot), in the number <>f pounds in a 
cubic foot of tJie Hijbstumr. ( 

When metric units me adopted, tlurdensity is tin? rynnber of 
grains m a cubic n ntimetie of the substance. f 

Relative Density. The relatin' density <>f a snh*tanre is the > 

ratio <>/ it * 11 'i‘njht to th> • m isfit <>l an ennaf <u>fnnie of a standard , 
substame It is obviou^th.U the stanvlard suhstanM should bo 
at anv place easilv obtainable m a pure state ; pure distilled 
water fullils these tonditioufc The only precaution necessary is 
with regard to tempeiatme % 

'Die relatin' ibnsity is usually < ailed the specific gravity ; then 
.specific ge,\ities of \mhoiis subst.iiue-s ate tabulated in Table 
II. 'Hills, it tie* spriilie ginvitv of east ii on is 7±i, then the t 
weight of a eiilue foot is 7 :'J tunes the weight of a eiibic foot- of 
water tod lbs t 

'file sjMsifii giavilv ol uteivui v being ITf»!)f!, the weight of a 
cubic foot is l.'t .">!>»; <iij .? lbs. 

The weight ol a mine rciitiinche of east iron will evidently 
be 7‘22 grains 

The weight of I’ eii I »ie feet of water l>, where ir is the 
weight of unit volume. 

lienee, it* I'denoti the volume of a hodv m eubic feet, and A’ 
its speeilie gravitv, the weight of the bod\ is 

I'NX/rO). ** 

# # 

If ir be tin* weight of unit volume" then the weight of the 
fcody i» 1 ’Sir I’.Vxrpg g lbs. [Ei|. (1)]. 

Ill this manner it is eustomaiy to define upeeifie g rarity ae the 
rail ft of the ireiyht of a yieen n dame of a snbstanee to the iwiyht 
of the Mine vo/mne of it a ter* 

\f the volume of the body is obtained in eubie inches, then in . 
Kq. (1) u> will denote the weight of one eubie inch (the weight' 1 
of one eubic inch of water 3-r 1728 =-‘030 lb.). 

KXKMTSKS. XI. 

1*. Find the nmnlx'r of bin's m one cubic foot of water. - v 

2. If a cup contains *77.T> litre, how often must it be filled to 
obtain lf»7 7> pints ? 

•The Uirm sped tic gravity i9 usually shortened to sp. gr. 
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3. Five kilograms of gold aie divided among 1 10 persona. |?liow 

that each j)erson receives marly 4.1 grams 4 decigrams ,1 centigrams 
5 milligrams. • ^ 

4. Fllfl the immiN ‘1 of square metres m "i acres. 

• ( I Mj \ il. s.’Wil sq. cm.] ' 

• 5. Find the different,'** in cubic inches between the volume of u 
cubic yard and - that of n t tibic metic^ 

8. Fimlftlie mindn'r ojtkilograms in a ton, also the number of 
grains in a gram. 

7. If the weight of a cubic fool Oswald be 62 3 Dm., find the 
error in calculating the weight of KHiOmb. fl . on the assumption 
that a cubic foot weighs l»K)Oo/ • 

• 8. Find the weight of a « ui»n indie ot an if J 00 culue inches 
Weigh 81 grains. 

u 9. Find the number of gallons in o0 liti«s <»f water, also in u 
kilolitre. 

10 . What is the number of btrc%in inilpiiiK'' 

11. Find the number of litie.s in ]u gallons, ,’{ quarts, 2 pints. 

12 . In 120 lbs. how many grams? 

13. Find the number of grams m Kmi gi.mis, and the numlier of 
pounds m 100 kilograms 

14. The specific giaviiy <»f men m\ being 13 0, tiud the weight of 
12 litres of mereuiv m Kilograms 

15. The internal dimension.. ot a tank aie h ngth lu o m., width 
2*25 in., depth 2 75 m. Find the numl«i ot lities of water in it 
when the tank is full. 

16 . The dimeter of a b'.id pencil of Mieiilar emss sect ion is 

8 nun., and the c length of mi" side ot s<|||,ik gmpbite inclosed is 

2 mm. If the spemfie gnftify of t),. pencil H <) am j ( ,f 

graphite. 2 2 wliat is tie- spuifu gravity ot th<- wood ? {N.lJ.T.j 

17. Tlu* weights of equal volumes of two substances A and /f 

.. . are in the ratio 3.5. Ilu* weights of equal volumes of /»' and 0 

are in the ratio (> : 7. If loti e.< oj ( weigh tHI grams, what is tho 
volume of St grains of A ? | N. U/f,] 

18. Convert a pressme of fit Ml lbs. per so. in. into kg iier mi. cm. 

1 kg. =22 lb . 1 in. -3ft 37 in. [N.U.T.] 

'i. 19. Find the sp. gr. of an iron resting weighing 10 lb., and when 
'.itnmeraed in w T ator 8 lb. If) oz. • 

; 20. The ap. gr. of cast iron is 7*2. If the volume of a caRf-iron 
bracket is 100 cub. in. and sp. gr. 6hi, what volume is n§|t' 
occupied by metal v 

21. If the sp. gr of glycerine is 1 '26, bow much water has been ^ 
- added to 10 pints of glycerine of ap, gr. 1 *2? ’ ly 
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22| Kind tlii> amount of gold and Mher in an allyy of sp. gr. 16, 
wmgTiing tiUO grams ; ip gi. of gold 11Kt, ol silver 10‘o. 

23. A gold ouuimni weighing 77 2 -grams, so. gr. 19‘3, when 

immersed, di-.pl.it es d giuiiK ol watei. is the gold hollow* and if bo, 
what is the si/.c of tin* < a\ it v - c 

24. An non du ll, \ i il min' IS cul> in , sp gi. 7'-. loses half its 
weight w hen imiueiM il in w.itei What |»ai t ot its volume is hollow ? 

* Summary. ^ 

Unit of volume in tin* l'.iitish -.\-tem K the gallon, defined as the 
volume occupied l»y hHhs dP pine watei at a (empciatiue 62° F, A 
larger unit is the cubic fopt A eulue loot ot water is taken to 
weigh 62.3 U »s. , oi uppioximately Of gallons, equal to62£ lbs., or 
10UU ounces. 

A Pint ot pate w il< i in lull- 1 1 >oi it I [ His 'I'lie sub nuiltiplo (the 
cubic tm h) is otlen used : a ruble ineh of watei weighs 

(»_.t ^ < m,) o; ); >i t ^viiis (Ml 11 k. nearly. 

17> 

A eulue y.ud eoubmis 27 eulue In t 

The met ne unit of volume i. the litre, or the >pa«v oeeupied by a 
kilogiam ot water at l C . u imue ( miverm nt iin.t foi many purposes 
is the cubic centimetre t* < ) The mas-, ot a < e ol pure water at 

4" t is ono gram 

The mass of a body denotes the quantity of matter it contains. 

Unit of mass i .one pound (1 lb.) defined as the ipiantity of matter 
in a platinum cylinder deposited m the Stand, tids Otliee. 

Multiples of the unit are 1 ewt 112 lbs., and l ton -20 cwts., or 
2210 IIk 

Sub-multiples are obtained by dividiiy; one pound into 16 txjual 
parts, eat li an omik*. or into 7000 jmt.s railed yraiti s. 

, The nietrn unit of mass is the Kilogram, which is defined as the 
mass of a certain platinum cylinder de[»osiied in the French Archives. 

TJio kilogram of w r ater at oidmury tenipctatuies has a volume of 
very nearly I litie, or 1000 e e. A mote convenient unit of mass 
is tW of 1 o.e. of water, or 1 gram. 

^Weight. The weight of a Imdy is the attractive force which the 
earth exerts on it at or near its sea-level. The v'etijht of a liody 
denotes a quantity of force. The nta** of a Ixnly denotes a quantity 
of matter.* 

The density of a laxly is the mass of unit volume. Relative density 
of a body is the ratio of its weight to that of an equal volume of a 
standard substance. The standard substance is pure water, and 
relative density is usually known as specific gravity. 

$p. gr. = where W~ weight of body, 10 = apparent weight 

of body in water. 
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MENSURATION OF SOLID* \1)LUMK AND S UK FACE 
0£ A RIGHT PRISM. VOLUME AND NURFAUK OF A 
runic PRISM. VOLUME AND .SURFACE OF AN 
OBLIQUE PRISM. APPROXIMATIONS. ESTIMATING. 
SIMILAR FIGURES. s 

A solid figure m solid is .1 liguie hn\ing tin* tin cm* dimen- 
sinus of length, bieadth, and thnkncss Wien the siuburs 
l>ounding a solid ,h<' plane, thc\ ate ralhd he ts. and the edges 
of the solid ate the lines of intcin itioii of tin* planes forming 
its faces. 

What are called the regular solids an* h\e in niimher, viz., 
the cufm, tetrahedron, oetnhedrnn, • hd>'< ahedr<>n , and o osahedrou. 

The ruffe is a, solid haung six equal 
square faces. # 

'Hie tetrahedron has foul equal faces, 
all equilateral triangles. 

The octahedron has eight fares, all equi- 
lateral triangles. 

The dodecahedron has twel\r fa<* s, all 
pentagons. 

The icosahedron, has twenty fares, all 
equilateral triangles. 

Cylinder. — If a rectangle A li('I) (Fig. 

36) be made to revohe about one side 
AB , aa an axis, it will trace out a 
cylinder. Or, a cylinder is traced by a 
straight line always moving parallel to itself louml the boundary 
of a curve, called the guiding curve. 





WORKSHOP MATHEMATICS. . 

Fxramid. -If one end of the line .IS always passes through 
? hxta I«unt,and > tl.e other end he made to move round the 
boundary of a curve, a pyramid is traced out. 

Cone ' . ,f | lu ' ™ ,vt ' * • »< *.• and tin- lixod point is in the 

»• IWS.DK through the >-nt,e of uele, and {ft right angles 

when thT’ I nj '* : an ,,W, V«« <»«<• results 

ti l 1 W “ lult ' a V 1 R ht ;l,, « le8 to the plane 



Fm. M—Otno. 


0 



Sphere. If a aemieiiele .1 rtt (hg .'IT) revolve 
diameter AH, the surface generated is a tp/arr. 


about a 



Fw. 88. — Itoctangular, square, pentagonal, and triangular prisma. 


Vriflm. - When tln> line remains parallel to itself and is made 
to pass round the boundary of any rectilinear polygon, the solid 
formed is called a prum. 





RIGHT PRISM. 

The ends of prism and the base of a pyramid may be|>oly* ? 
gons of any uumlier of sides, »>., triangular, Rectangular, penta- 
gonal, etg. • 

A prism is called rectangular, #gunn\ jxvitagonal, triangular^ 
hexagonal, et<T (Fig. 38). aeon ding as the end or I wise js one or 
other of these polygons. 

A prisni which has si\|faees all pfrallelognwns iH .iIho called a 
parallel opffwf. • 

Aright or rectangular prism ha* ds side faces perjreudieular 
to its ends. Other pi isms ai e called # oblique. 



Fro. 89.— Volume of a rl^ht prium or pamllclopfpcd. 


In (Fig. 3b) a tight prism, tin* ends of which are rectangles, 
is shown; to find its \<>!umc, sometimes < ailed the content ^ or 
solidity, it necessary to find the area of one end IH-GE, and 
multiply by thf length jfC. Let /, /», and </ denote the length, 
breadth, and depth or altitude of the right prism rosj recti vely. 

Then area of one end -- /; x d. 

A nd volume of jm*m — /> x r/ x /. 

As b x /= area of base ; volume - ami of base x altitude. 

When the volume of any solid is obtained, the weight can 
determined by multiplying the volume by the weight of unit 
volume. The weight of unit volume of various materials in 
common use may be obtained from Table II.. p. K>3. # 

Ex. I. If the length of a wrought iron slab Iw 8 ft., the depth 2 
ft, and breadth 3 ft., 

Area of one end - 3 / 2 = 6 wp ft. 

.\ volume - fi x 8- 48 cub. ft. 

Weight - 48 x 480^ 23040 lbs. 
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A similar cane is illustrated in Fig. 3fl, in which the length BO is 
divined into 8 equal parts, tlu* breadth into 3, and flu; depth into 2. 
Then it is Been tluft tliete aioti squaic units m the end DCOE of 
the slab, and these are faces of a row o#m* unit cubes. 4 There are 
8 such rows ; hence the volume is S (>: 18 cult. ft. 

t 

Total Surface of a Right Prism. The total surface is, frorw 
Fig. 3! I, seen to lie twice tly aie.i of the face MU 'If and twice 
the area of AI)Eh\ together with the lieu of the twatenda ; 

• sin face /,/ + /*/); 

or, perimeter of base multi film/ !>// altitude Unjether with areas oj 
the two ends. • 

Ex. 2. The internal dimensions of a l»o\ without lid are ^ length 
8 ft., 1 tread th 3 ft , and depth 2 ft.: find the cost of lining it with 
zinc ut 7d. per square foot. 

A i ea of lw.se #8 3 21 sq ft, 

„ sides 2(8-2) 32 „ 

ends 2(3 2) 12 „ 

Total area - t*S sq. ft. 

(18 7 

<W ‘ Cl. Ills. 8d. 

Volume of a Cube. When the length, In eadt h, and depth 
are equal, the solid is called a 
eul w : if a denote the length 
of an edge of«*he solid, the 
are# ttf the lft.se is a- and the 
volume is a*. 

Ex. 3. U*t the length of the 
edge of (he cube be 4 inches 
(Fig. 10). It is seen by divid- 
ing two adjacent sides (or 
edges), as EB and BC, each 
mto 1 equal parts, and drawing 
through the point* of division 
lines parallel to EB and BO y 
that one end EBCD contain# 
16 squares, each of which is a 
face of a unit cube ; and as 
there are four slabs of 16 cube* each, the volume is 4 x 16=64 cnbfe 
inches. 



Fm. 40 -Volume of u cube. 


OBIJQUK PRISM. 


Thus, when the nuniltcr denoting the length of the edgt|of a 
cube is known, the volume is obtained by/uibing the given 
number. # The comerse <<peration, m\, given the volume to find 
the length of an edge, requites the extinction of the cube root, 
Jjut this and the operate ms of division and multiplication mu be 
readily elici ted by using logarithms 
Ex. 4. Jfind the edge "if a cubical block of cast-iron, whoso 
weight is equal to that of a rc< tungulur bar of steel measuring 10 ft. 
6 in. long, 4 in wide, and 2 in. thick » 

If a denote the length of the edge of the cube, its volume will lie 
a*. The volume of the steel bar is I2(f- 4-2 1008 eub. in. Froifi 

Table y. the weights of a cubic inch of cast-iron and steel arc '26 
ami *29 lb. respectively. 

Hence « 3 \'20 UK >8 • 29 

, 1008 \ -29 
W '26 ’ 
log 1008- -3IKW3 
log '29 1 4624 
2 40o 7 
log 20 I 4h r >0 

.’{ ) .I0. r »o7 

I 0169. 

nntilog 0169 1040. 
length of edge-- 10*4 in 

Volume o? aji Oblique Prism. The volumes of all parallel*)* 
pipeds, having the sameVi equal bases and the same or equal 
altitudes, are equal. 



Flo. 41.— Volume of an oblique pri*ra. 

In Fig.41 an oblique prism ADCVFBA E i» shown. By drawing 
OS and DH perpendicular to DC and XP parallel to Bt\ wedge- 
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shaood pieces are obtained. Assuming the wedge-shaped piece 
CNPFB transferal to the l<‘ft, as indicated, the oblique prism 
becomes a right prism on a rectangular base. f 

Thus Me volume of an ohlhfue ftrium or fxtraH eh> piped w equal 
to the area of the fume )nufti/>lo'</ In/ its altitude. 

Perhaps tin* best and tin* easiest method is to build up a rect- 
angular prism fiom a number of thuf rectangles (of millboard, 
cardliourd, or thin wihmFJ li\ shearing the solid so constructed, 
as in Fig. 12, an\ degree of obliquity can be obtained, and the 
height, which is ohvmush the sum of the thicknesses of the 
Rectangles, remains the snfte. Hence the volume of the solid ifl 
unaltered* 



t'lci. 42. — Model to ilIiHlmti' a ii(;M md m oblique prism. 


Assumiiig the volume of a solid to be unaltered when iU; 
shape is altered, then, gncii two of the new dimensions, the4 
remaining one can be found. 

( Ex. 5. A Kir of copper 1 ft. long, It m. wide, anfP^-in. thick is 
rolled into a plate t> ft. long and 4 ft/ wide. What will be the , 
thickness of the plate? 

> Let t denote the thickness. fry 

Then volume of plate 72 «■ 48 \ t. ^ 

As the volume is unaltered, this must he equal to the original > v 


.• 72s 48^ / 12 \ its h 

12 x n ■ r, 

h-- 0 ' 93 * 1 "- 


Tho vajue of f is easily obtained by using logarithms as inUh^ f 
preceding example. • : ^ 


c Approximations. — Those wlio have made measurements of 
the internal dimensions of any forms of hollow vessels, such ft! 
tanks, cylinders, etc., used for commercial purposes, and from;*' 
such observations calculated the volume and weight of water ’ 
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filling the vesgel to any measured height, are quite awar| that 
the results obtained are at bes^ only a g^od approximation. 
This is ijjiowii at onee when the eah ul.it ion can he checked by 
actually veiling tin* enclosed volume of water. When this is 
done, it is at once seen that to express an answer to a practical 
question concerning tin* weight of water in xiuh a vessel in tons, 
pounds, ounces and dci inltl.s of an mTnce is to gi\e an appearance 
of accuracy impossible actu.illx to attafti 

Another case of dose approximation ma\ he shown by 
weighing a block of any oidman muteiial, and then comparing 
^he Jesuit with the pioduct of thcV.ilculutcd xolmue and the 
weigli^ of unit volume which only gives the weight of the 
block approximately. 

These inacc.iiatc results may lx* due to many causes, such as, 
the difficulty of obtaining suflmjeiitly accurate measurements; 
the edges or lines which aic meaxued and an* assumed to bo 
mutually perpendicular may not be strath so. the material 
niav varv in density, oi the tabulated \aluc of unit volume may 
only roughly represent the weight, of unit volume of the given 
material. 

In multiplying simple numbers together the icsiilt may as an 
exercise in arithmetical methods be obtained to any degree of 
accuracy, but when applied to practical questions it is not 
advisable to^gi ve results wlmh miph a degiee of accuracy not 
obtainable from the obs^ ved data. 

Estimating. In previous pages refereme has all early lx*en 
made to some metluKjs in use bv practical im u for estimating t/l 
any given cam* the amount of material required, the cost of 
labour, etc. Methods in use where \oliimc is eoiieerneff are 
very numerous, and it is only jswsible to refer heie to a few^of 
the more important. 

K ' . . 

' TJnit of Cost. -In the ease of buildings an approximate com* 

■ptttation of the expense necessary to carry out a give* design is 
©fleeted by calculating the cubic content as though the building 
were a solid instead of a hollow' structure. Th» volume ho 
'tained multiplied by tJie unit <>/ nmt gives the total cost. In 
such a computation the dimensions, length and width, are tbff 
outside dimensions of the walls ; the third dimension is the 
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distance from the top of the concrete, or from thy upper side of 
the top course of the footings to half the height of the roof. 

The unit </ rout , also called the ro.^ prr foot rube, may vary 
from 4d. to Od. for cottage propcih, to Is. or Is. Od. for more 
imjmrtant struct me*. 

Brickwork. I n la? ge engincei ini' works brickwork is usually 
measured by the cubic v.ud, and in few cases l^v the rod 
or square pcich, at a xlartiari! thaha** of ] \ brtt h'S, As a rod 
is ft A yds, or l<*\ ft , a square jml (abbi cuated tnt< • rod) contains 
IfiA x HU 2721 s«|. ft. It^is usual to use 272 instead of tho 
tnoreaccmatc number 272|. lb nee, as the thickness is U bricky 
or i:H im lies it follows that a hmI of bin kwoik contains . 

1*U 

272 x cub, ft :t«MI . ub ft 1 1 > cub. yds. 

To estimate the iiumbei of ^undaid i<>d» of bnckwork in ft 
wall wo may use the rule 

Multiply t/ir a rot of thr trail < it n/iiuo t>>'t (>,/ tfo‘ nit miter of 

half brink's >» thr, Mn'/vnvw, anti throb’ lot 272 x.'l 

fix. 1. Kind the numter of standard tod* of hinkwork in a wall 
(52$ feet long, 8 feet high, and 2J bricks thick. 

Tho area is .72$ x 8 square feet. 

The numter of half hi irks in the thickness is ft. 

.72.7x8 %. 7 

numter of rods - 2.774 2 fi ajjprox. 

Similar Solids. Solids which have the same shape, but the 
dimensions not necessarily the same, aic ailed similar eolith. 

fibjht prisms. Two right pi isms, the buses of which are 
simi’ar, and their heights proportional to coirexponding edges 
of tho bases, are similar solids. The same test also applying to 
riyht pyramids, right cylinders, and right rones. 

All sphere* and all cwfow, are similar solids. 

fix. 1. The lengths of the edges of two culies arc 2 in. and 4 in. 
respectively. Oompa.e the surfaces ami volumes of the two solids. 
If the first cube weighs 2 lbs. w hat is the weight of the second? 

‘The area of each face of a cute of 2 in. edge is 2 s . As there are 
6 similar faces the surface is 6 * 2* = 24 square inches. 

In a similar manner the surface of the second cute is 6x4 3 = 96 
•q. in. . j 
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Thus the surface of the second is 4 times that of the first. 

The volume of the tiist cuU* is 2 3 S. 

The volume of the wond^cube is 4* - 64. 

Hence tfle volume of the second is K times that of the first. 

As the wei^lH of the first is 2 lbs., the weight of tin- M>cond is 
8x2^16 Ihs, 


KXKHt INKS \y 

1. Find the \ oluine of a piei e i»f timber 16 ft 6 in. long, 4 in. wide, 
and 2 in. thiek. 

2. If the in*mle edge of a • u Inca I tank is 1 ft , find its volume; 
also iind t lie munlni of gallons it will hold when full 

3. 'ftie internal dimensions of a ie« tangulat lank ate 4 ft. 4 in., 

2 ft. S in , and l ft 1* in Find its \ olume in euhie feet, the 

mm i her of gallons m, and the weight of the watei if will hold 
when full. *» 

4. A cistern measures 7 ft. in length, 3 ft. t in m width What 
is the depth of the water when the tank contains (M)0 gallons? 

5. A tank h 4 meties long. To metres wide, and 1 metre deep ; 
lind the weight ot watei it will hold. 

6. A metal cistern is 12 ft. long, K ft wide, and 4 ft. deep, 
external measurement* If the axeiage ilinkness of the metal is 
| in., find the number of gallons of water it will hold when full. 

7. Three edges of a n rtnngnl.tr prism ,»t<> 3, 2 .V2, and I '323 ft. 
respectively. Kind the volume in Milne feet Find also the euhie s 
space inside aJ»o\ of the same external dimensions made of w'ood 
one-tenth of a foot in thu kness 

8. The content of a no?id block of stout, 12 ft. 6 in. hroad, and 

3 ft. 0 in. thick, is 27 Mil* >ds. 1 cuh. ft Kin euh. in. What is 

its length, and its price at 6d. pet mine foot ? • 

9. How t much would it cost to ha\o a cellar dug 1H ft. 4 in. long, 

12 ft. broad, and 13 ft. 6 in deep, at lid js r cubic yard * • 

10. It is required to cult a piece erjual to 1 cubic foot from a 

plank 2s in. thick and 8 in. wide ; find the length of th • piece to its 
cut off. * 

11. A rectangular tank is 13 ft 6 m long by ft ft ft in. wide ; how 

. many cubic yards of watei must be drawn off to make tty* surface 

of the water sink a foot ? 

12. A cubical cistern, ojjen at the top, costs £16. tin. 8d. to line 
with lead at la. 4d per square foot, flow many cubic feet does ft 
contain? 

13. A cistern is 5 ft. long, 2 ft. wide, and 8 feet deep ; find th« 
weight of water it will contain when full. 
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U If the length of the edge of a cubical box be 2 ft., find the 
oostJof paiutiug the outside at fid. per square yard.* , 

15. The length of the edge <ft a cube y 7 5 ft. ; find its volume. 

Ifi, How many square feet of metal are there in a Rectangular 
tank' (open at tlm top), 12 ft. long, 10 it broad, nudW ft. deep? 

17. An open Mpi.it e bo\, ft m aide and \\ in. deep, is made otft 

of a square piece of cardboar^l I ft. side, v how much of the cardboard 
will he wasted *' * (z 

18. A bar of metal, ft*n wide, 2 in. thick, and 8 ft. long, weigh* 

1 lb.* to the cubic inch. Kind the length and thickness of another 

bar of the same metal, width, ami solid content, if 2 in. cut off from 
its end weigh 1*7 lb* • j 

19. A box without a lid, made of wood au ineh thick, measures on ^ 
the outside 30 m long, 21 in. wide, and Ui in. deep ; find the cubic 
contents of the inteiior, and the cwst, of painting the outside at 7d. f 
jier square foot. 

20. How many eulne feel of legd, inch t hick, w ill be required to 
cover the sides and bottom of a cistei u 10 ft. long, fi tt. 6 in. wide,' 
and 7 ft. deep’ What weight of water will t lie eistein hold when full? ‘ 

21. A lesonoir is 24 fi S in. long, 12 ft ft in. wide, and ft ft. deep ; • 

how fur will the mui tace rise when a rube of stone, edge 7 ft., is placed [ 
in the iesn von 7 * 

22. Kind the e\|M'iH(M.| Immg with tin the whole ot the interior off 
& cubical lsix, one < ud of which is t ft Gin , at Is. Hd a square yard. ' 

23. A cubical cistern, open at the top, costs In guineas to 1U«£ 

with lead at Is Ski. per square foot ; find its volume. | 

24. Tho external dimensions of a deal box aie 4 1 . ft., 3 ft., andf ■ 

2 ft. If the thickness is 2 m. find the weight of ffle box, specific 

gravity of deal being -33. e * 

25. Kind I lie weight of a Im>x, with a Ini, made of wood ^ of an, ^ 

►inch thick, and measuring externally 4 ft. by 3 ft. by 3 ft., th® 
weight of a ruble foot Ixung 38 4 lbs. * 

96. Kind the cost of making a road 200 yds. long and 24 ft. wide, , 
The soil to lie excavated to a depth of 1 ft. at a cost of la. per cubic /, 

r ird ; rubble laid in ft in. deep at Is Id. per cubic yard : and gtaV®l, 1 
in. deep at 3s. Ihl. per cubic yard laid on top. Afterw ards a steam- 
roller is used at a cost of 2d. per square yard. . 

27. Outside a lawn. 100 yds long and % yds. wide, ft ditch U + 
dug. If*the widtli of the ditch is fi ft. find its depth, when th® 1 '- 
earth obtained from it is sutlieieut to raise the surface of the lawkt 
distance of 4 inches. • ^ 

* 28. A Dantzic oak plank is 24 ft. long and 3*4 in. thick. It is 7 
wide at one end and tajaira gradually to in. at the other. 
its volume and weight, tho specific gravity being "23. 
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29. A Riga Dr deck plank is 22 ft long and 4 in. thick, and taper* 

in width from § in. at ono end to 6 in, at the other. Jf the ipscifta 
gravity of the timber be *83, findathc volume* and weight of tha, 
plank. 9 • 

30. Find w^iat weight of lend will be required to cover a roof 
48 ft. long, IV2 ft. wide, with lend jV m. thick, allowing S p«r cent, 
of weight for i oil joints, etc. 

3L A r aservoir is 2f» ft 4 in. long* 0 ft. 4 in. wide; how many' 
tons of WiiFcr must be drawn oft for the At face of tin* Inpud to fall 
7 ft. « in. T 

32. If the weight of a cube of 2 in. edge is 2* <W llw., what will b* 
the weight of a « ills* of the **ame mutewal ;> in. edge ? 

i* 33. The lengtli of a wall is .">7 ft. II in , height 21 ft. (5 in., tho 
thickness 2j bricks Fuel the number of Mandutd rods of brickwork; " 
In the wall. 


31 The ki.se of a light pfiMu'is a senate of 2 ft. hide, (by height 
of the solid is 4 ft The base of 4 * 
another prism h a w|iuire <jt 1 ft. « . 


side, and its height is S ft ( ’om- 
pare the surfaces and the volumes 
of the two prisms. 

If the weight of the fust is 
4‘2f» lbs., what is the weight of 
the second if it is of the same 
material ' 

36. 1 'lie dimensions of a rolled 
iron girder are length 1.7 ft , 
’ flanges 8 in. by 1 * in., depth 24 
in. (Fig- 411) ; lifld its weight. 

36. In Fig 44 the cross section 
of a wrongbt-iron joist is given, 
flanges 6 in. by J hi., depth 12 
In., length is ft ; fir.d iti weight. 



r«i. a east iron plat*-. I \ in. tlink, 

; Is of tho form and dimensions shown 
i in Fig. 46, its height at tin i entie being 
-lifts ; find its volume and weight. 



Fu. 40. 


y . 38. A cast-iron plate, mean 
‘thickness 1* in., is of the 
form ami dimensions shown 
3n Fig. 46 ; find its volume 
weight. 

V- 






WORKSHOP MATHKHATICH. 

SSL A rectangular east -iron trough one in« h thick : internal dimem 
nion®, length .’Ft m , breadth ill in., depth II in ‘fMnd (n) volume 
and weight, of waUi it will hojgl, (h) volume, and weight of non, 

» [U. 1C, I.] 

40. The depth of vvatci in a teciaugulni svvimnpug hath is 2 5 

metres at one uid and I 5 in at (If olhei, the bottom having a 
uniform -iopr It the hath is 25 in, long and 10 in wide, how many 
lilies ot Vi a tei ate their in it, 1 ' | [N.U.T.] 

41. \ leetiingiihu plate, hieadthTU 0 iii , thn km k.h ^ in., weight 
dotij lbs., is made ot ht.is>,, spceilie giavitv S 4. Find its length. 

(LC.U.J 

42. ('»> How mam bucket in by t \ m. I>\ .'{ in , ate needed to 

hnild a w dl i \d long y It high, and - m. tluek v , 

(5) I lie length, bn utih, and height ot a loom aie i, »/, apd c ft. 
respeei n 1 1 \ I' mil til I III ut! ni lira ot the wall-, (n) the length 
ol thediiigon.il ot the lluoi, |,nj the length of the diagonal of the 

" m "> { N.U.T.] 

4S- \ swimming hath i- i’.i long and 12 vd wide The depth 

of water vanes mutonnlv tioni :{ it ,n one end to ti |< rt at the 
other. Find the mimhi i ot , uhie |.,t ot a n, i the hath < ontains. 

IkC.U.l 

44. A «net.*l sash w right toi a window is to he 2’ in sijuaie in 

motion •mil it must weigh ;ti) Hi Find it- length it I m m. of 
the metal weighs (I IS lb | L.C. U.] 

45. Steel Inis ol oe(agoiial sietton have a width aeios- the Hat 

Hides ot l in F-timal. the w tight ot one loot length ot thift 
material, which weighs tv.t ;{ |h. pmuh ti. [L.C.U,] 

Summary # 

The portion of spate inelmteii under the tluee dimensions of 
Jeugth, hieadth, and fhieknt.ss m railed the cubical content, the 
volume, or the nolidify of a tigme. 

T«tal 8urfhce of a Right Prism. IVi imotei of base multiplied by 
altitude, together with the areas of the two ends. 

•Volume of a Cube -If a is the length of one side, the volume is a*. 

Volume of a Right Priam -- len/fh s bnadth ^ depth 
an a of hit altitude. 

Volume 1>f an Oblique Prism ~«mi of I* «t« . altitude. 



CHAITKR X. 


VOU’MK AND snjI’AC'K OF f ( ’YLINDKR. VOLUME 
9 AND Sl UFACK OF A hKFMTM oF A rHIN'KKU. 

VOLUME AND SURFACE OF V HOLLOW l'\ UNDER. 

Cylinder.-- D has Ihtii seen that til* 1 \olmin* of a jni-tu in 
equal to tin* at'. i of the 1 mm* iihiIiij'IumI la 1 1*.* all il mli* (or 
pel penda-nlai height ) 

In tin 1 cum* of a t \ iinder t h»* Kim- i** a < n< h* 

If /’ dr not 4* tin* i minis of tin- huse and h tin- alt it m !*• or height 
of the cylinder ( Fi g. J7 ) 

Aren of L<r<>: ~ 7rr : / h 




Rx. 1. Fin<l the volume and weight of a cum it on cylinder, 
18'5 inches diameter, height 20 inches. 

Area of Iwuml* --- r * (0*2.'») 2 -- SOS’S nq in. 

Volume- 28$’3x20- i*370 cul> in 
fc Weight =5376 y-26^ 1397*70 II*. 




WORKSHOP MATHEMATICS, 


%i. 2. A piece of round Btcel wire 12 inches lon^ weighs 0 ‘65 lbs,, 
mid its upecific gravity is 7 '8 ; # iind.tho area, ulso the diameter of the 
wire. ' c ( 

If A denote the area of a eross-sectiou of tlio wire in square inches, 
Volume in t uhio inehts - 12 - A. 

Also horn Table II. weight ot a ruble inch of water--- '036 lb. 

Weight. 12,1 7 8 - *038, but tl(s is equal to ‘05 lb. ; 

12fJ >7’8 038 - •().') ; ( 

•' li 7 s ', -ulii •'“'"l- 1 " 

Prom this f|t 3(11 the diaVueter is loimd to he \ inch. 

Lateral Surface. The mu face of a exlmdei mnsist^ of tw’o 

parts, the eunnl sin fine of the solid, rail'd the hiu ml mrface^ 
and that of the two end< who li are jdane • lieles. 

If the «\lmdir \\« re i'umjmI 1>\ a pie« e <>l linn pajier this 
when iiniolleil would tm in a n« tangle of height // ami Uise 2rr, 
Thus, if the I iteial sin f.u e of i i \ h u«Lm he e«. in n\ ed as unrolled 
and laid Hat, it will him a ie< l.neje ot aiea 2: :rs/> (Fig. 47) ^ 
.. lateial sin f.u e oi i \ limln -'Izih. 

To obtain the whole mu fare the aieas of the two ends must 
l Hi added to this ; ** 

total sin fare of e\ luidei 2 rt/< I- 2jr/* a ' „ 

r 

, fir. 1. Find the total -airfare of a (\linder 12 inches diameter, 
height IS inehes. < 

l.iti l.d sin tm i> ir ' t2 I'' luS’.VOti sq. ui. ! 

Area of the two ends 2 .t 8* 228*2 sq.m sg 

.. Total sin hire ttTS aSoti - 228 2-1HH 7Sil*» mj. in. "J 


Experimental Method.-Tlm evlindct can he limit up from 
a number of thin wood ,>r • ,n <H h>.ii d |il.n-s, or disi ^ (Fi K . 4«> 
The \olmmi of om disc < in he ;un it. until Tina multiplied bj 
the number of disc* will gi\r tin* \ohune of the cylinder, v s . 

fir. 2. If 20 dit •« are used, «.ieh 3 inchi* diameter and j inchit) 
thick new, 1 ‘ 

the air a of base < f one di«c r ' (\) 1 7 aq. hi., 
and volume 7 ) | euh in. ; 

Volume of cylinder *• 28 [ 33 eubj iu. 



OBLIQUE CY UNDER.* 

% Oblique Cylinder.- By using a simple arrangement o%tho 
^ind suggested in tin* mm* of an unique prisuif then by shearing 
the solid ^Kig. *J8) any dt%reo of obliquity tsm lm obtained, tlu 
volume remaining unaltered. 



Fin I** Mr i 1 to jllii'.trulr ,i ri ; lit 'iiid :ili (flili'^Ur i v ltn>|. i 


Henee 


i'olmm' t>f oMifjitr r Uini Ilf futi. XnDihlil 771 ^ V //. 

Section of a Cylinder. Whin a ulmdej OH lit) is nit by 
, a pla.no neither pet peiidiml.ir n..i 
parallel to tlu: axis, the se< turn is 
an ellipse. 

The volume of^t he solidus the pm- 
duct of the area of 1 mm* and altit mh . 

The altitude h is tlu: poijM*u 

;dicular distauee from the <entre of 
;ihe base JO to the rent re of the 
ellipse Jiil 

If points II and D an* the low. „t 
k a^d highest points ri**|xvtive|\ : 

StKttn the height h is half the -urn 
and CD. 

IVp* if we assume the <» lindei to 
vbc.qBttfc by a plane |xii;illrl to the 
$|lMpand pawing through the rent re 

ellipse, a wcdge-aliaped {nation is obtained which may lie 
llj^^ired a* shown. 
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Flistum of a Cylinder. The |urt of a cylinder cut off by a 

[done not fuirirffi’UUt the basics called the front hoi of a cylinder. 
In Fig, I!) the fi list mu of a i vlimUr is shown hy ^he figure 

jiahk ' t 

Volume of Frustum of Cylinder. T 1 ik as « ill he seen from 
Fig. Ilk is * he ai e.i of the lft>e multipfcd In the altitude h ; 

• 1 

volume jr/-' x h - ~r a 

Where , HA /*,, 

and ('ll h « 

Cross-Section. The t-im < iuss-soetion di-nild he clearly 
understood ; a m-« f u.n ot ,i< \ Imdej In auv plane pei pendieulur 
to the axis ot theivlimlei jHa*iinh>: . 1 1 1 \ uhlnpic se» tmn gives 
an ellipNi 1 lent e, the t ci 111 u/'f'i o/ i rn-ix-vrfion js used to 
indicate the aiea ot a section (.1 uiele) at light angles to the 
axis. 

It is advisable, in working out auv numerual example, to 
express as ele.tilv as possible the given iptantitiea in the form of 
an equation. \\ h»n this is done mm h unneeessaiy labour may 
Ik* avoided In i aneelling eommoit teiius. 

AV 1. A piece of copper 4 inches long, *2 inches wide, and ^ inch 
thick is dnivvn out into a woe of nnif.um tluehm^s and 10U yard* 
long ; find the <ln.metn of the wire. * 

t Volume <*f cnp|H>r-*. 4\2 \ l euhie inches. 

T< iigth of vviie - 1(10 \ .*} s 12 -MOO inches, 
lTet. d denote the diameter of the wire. 

•Then volume of wire-^x.WOO. 

4 

Hence 

4 ■ t r 44 1 • 

ir n MOO ' 22n or ’ 

• d- "(1:171) inches. 

Hollow Cylinder. — The volume is as Uffore, area of base 
multiplied l>y the altitude. 



HOLLOW CYLINDER. 


If R and r denote the radii of tlu* outer and inner circty re- 
spectively, /) and <! the eon espousing 
diameter (Fig. 50), • 

aiea of 1 7r/f- - rrr- .7 (/(-' r J ), 

and volume- 7 r(R’ -r)f< 

785l<7f' -/')/. . 

To UM*|njr lt ntlims, it 1 ^ Lettei to* 
write this as 

7 fOJ(/> >/)(!){.•*)/,. 

0 

^ Kx. 1. The e\tvinil durmtei of a ho] 
low sW'el shaft i-> I'i niche-, its internal 
diameter 10 un hes (\dculati thcwucht 

of tin 1 shaft if 1 lie length is 30 f« < 1 
Area of eross Meet 1011 7 ^."*4 ( I H* 10*) 

-•7S5KIS , 10)i IS 10) 

— *7Sr>-l - • X, t'n ''<> - I !<•)!. *w ( vthxlcr 

volume- 7K.>4 x 118 s K xHO s p_» ,<nhii inches, 

•7 Sol v 2 <H , s - 3150 29 

weight -- .,. J4U tons 

~S*2 tons 



EXKRCISKS XIII 

1. Find thelmrved sit fa<r* nnd solid content of n cylinder 8 feet 
long, the radius of the l«u*e Is nig 8 feet. 

2. A cylindrical column is 5 lift high, and the diameter of its 
base is 4*25 feet. Find the total surface and the \oliune of tlfe 
column. 

3. Kind the radius of a cylinder whose volume is 10,000*entoic 
inches and height 50 inches. 

4. Find the external surface, including that of tlu* two ends 9t a 
Cylinder, whose diameter is 40 inches and height 14 inches, 

5. Find the number of square feet of felt required to cover the 
external surface of a cylinder, diameter 33 inches, height 2 ft. 7 £ In.; 
find also the internal or rubbing-surface, the thickness of the cylinder * 
being $ inch. 

6. Find the volume and u eight of a brass cylinder, dbuntter 
12 inches, height 20 inches. 

7. The diameter of a cylinder is 12 inches, length of strata 

'■ 2 feet, find the volume. v. $ 




k ( Workshop mathematics. 

' ' ’< • ’ . •• :')'AS; r ' 

8^1 The height of the discharge orifice in a lifting pump is 2 k;, • 
feet aWe the leveled the water in tin* well ; if the diameter of the 'V 
pump bucket is 5 inches, find trie weighted water lifted per stroke. /' 

9 . Find the volume and weight of the water in a shaft 660 feet 
deep, mean diameter 5 feet, when the shaft is half fnK. 

10. If 30 enhie inches of powder weigh I lh , what weight of 

■powder will he required to fill a cylinder of S inches internal 
diameter, length ”> feet v » 

11. Water is pouted ‘into a c)lmdncal reservoir, 20 feet in 

5 diameter, at the rate <>| IOO gallons a minute; find the rate at which 

" the water rises in the h'.m i v»;ii , , i 

12. The internal diameter >f a cylinder open at tho top 18 21001,$!, 
and its weight is |f» 7 [i lhs. When filled with water it weighs 213 ,* 
lb*. Find the height of the cylinder 

ir .13. Find the cost of sinking a well SO feet deep and 4 ft. 6 in. 
'diameter at an a\eiage rust of 14s. pci enhie vaid s 

14. How many enhie inehes me. theie in a guden roller which i$, 
‘half an meh fluek, uitli an internal diametei < >t 20 inches, and 

length 3 ft. <» in ? r i 

15. A pond of wafer is 2.1 feet diameter, wlut weight of water it 
removed whim the smi'ace of the watt i i- loweied 12 inches? &■ 

c 18. A c\ Imdei. 2 lie In h di under and S nnlir-* m hiight, contains", 
otqnal \ olumes of mi imii\, watei, and ml It the spn ilie gravity of ‘ 

*' mercury he 1.T.1N. that of ml tmd the total weight of mercury,' ’ 
water, and oil * 

* 17. A reetangnlai “ «tee! " dis k pla*c is 1 F 3 " long, 3' 3,\" wide, S 

*_pmi 4" thick. A ciicular pine f.'l hi iliann-ter in i it out of the' 
■’centre of the plate. \\ hat is the wi ighl of tlie plat. 1 ' ^ 

18. A <f-inch steel plate (Fig .*>1) is It; r lmig, I ti" wide, at one 
end, tasting to 3 ' IT at tfie ollm eml, and Jus two circular holes 
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• *> 

21. The outer#t'iroumferenor of a cast-iron cylinder is 1 27 *23% iu.*’ 
the thickness ^ in., and Icih.mIi 3 fi # 6 in : dimy (but Ms w eight is,' 

’ 686 Hm., ami find its mtrii^l ili.tinctcr 

22. A A*ll 5 ft. in diameter and HD ft deep is to liavo a lining of 
bricks (fitted Aos- fogctlici without riioit.ui !1 in thick; required 
approximately in tons the weight of tin- Innks, supposing a brick 
fl a 4$ x .’i in to w cigh 7 S lbs. 

23. Kind the wiiglit of t<opp«r uilte in. ontsiile diameter, ik'J . 

in. thick, uffd '» ft It) in long • 

24. Wh.it length of a gnu of li ill ltoio Mill he tilled with -0 111. of 
pouder, of Mill'll at) I lilili' Hit he.* Men'll 1 lb. ' 

25. Kim! the *urf.u«, \ ■ limn, ami Mfijit «»f a ea-t iron « \linder, 

^diuj ol ba.se I ft M III , height -I ft. «i III 

26. TJow man\ « - i;bn* irn In s • »f non are then' in a east non garden 
roller m I nch is h.il* an m< it tin- k. with an outer eiroumteiein e of f)J 
ft. find a length of .'){ It v Hud it* Mfit'ht 

27. A « \ llinlil -al pipe 11 ft huig inntiiris .‘{(*6 euh ft ; find its 
diameter and the « <»• t of gild-ng it * *111 t.n e at 11,'d. jht vqu.tic foot. 

28. The gn tier di.imetei « .f a hollow east non i oiler is I ft. D in., 

the thickmsK of the until I 1 , in , ami the hnglli tl. ; find it* * 
weight, also lilt' eo*t of t he jollei at l'!s j»er ml. * 

29l The sfH’i itie gi.tnty of petroleum is S~ ; Imd the weight of 
petroleum which « m Ik- put into a »>lmder ( ft ti in. diameter and \ f 
8 ft. long. 

30. The piston of a r.tiam engine i* Is unln* di.umfir, and the 
effective prej.sn 1 e ■ > f tlie*t,.un luma h it is l.Ml lb* |m i hqu.uc inch; 
find in tons weight tin tin 11*1 0 ! the pMon lod. 

3L In a rcet.mgul.ir plot of kind. length HO ft . width 70 ft,, a 
round hole in dqg to re<m\e a tank, the mean diimnsmtirf lading, 
diameter 14 ft , depth In it If tin- earth o taken out be spread 
evenly o\er the plot, find by how mm h tlm niil.ne of tlm plot in 
raised* •- 


> 32. If a cul-e of utone who*c edge is b in. is immerited in a cylinder 
of 12 in. diameter half full of water, how far will it raise the Mirfkce 
of Um Water in the cylinder ? 

33L The pull on the wire in a testing machine is obtained bjr 
r*i*lng * cast-iron disc, 16 inches diameter, thickness 7^f inches,./, 
jjfcjd tua magnitude of tint pull when it is espial to the weight of tbev^l 

0t&k Find the weight of a lead pipe 6 feet long, external and *4 
fyUtpal diameters 7 inches and b inches respectively, assuming thatj 
th*w*ight of the two flanges are equivalent to one foot length ^jf 

A circular pond O.i'fl feet diameter .is surrounded by a fen66 3$ 
Sfoet high. Find the surface of the fence and tha cost of tarring tfe &t 
” J aid M at 8d, per 10 aq. yds. of surface. ^ 

. _ *? j 
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36^ The length of a coil of steel wire is 9778 '48 yards, and it 
Weigh* 49 11)*. Pied the diameter of the cross- section. 

37. A cylindrical gas holder, closed by a flat top and open at the 
bottom, ha* both Us internal diameter and height equal to 233 ‘5 
feet ; find its volume Deteimme its weight approx i„ lately, assum- 
ing the average weight of the iron plate to he *2A Ibi. per sq. ft. 

38. Kind the weight of a j'ast iion rojjei, internal diameter 22^ 
inches, thickness ot metal { inch, and length 3 feet 

39. What weight of w'ater can la* held in a hose pipe 2 inches lxire 
And 30 feet long? 

40. The dimensions of hvo lengths of 3 inch wrought iron shafting 
connected together by a east mi on mufl emipling are given in Fig. 52, 



Flo .Vi x'i ifN .ui'i 


the length of each slin ft i« I"* f*-et ; tin<l the weight of the coupling 
and the weight of the shaft. 

41. The 10-lh weights For a small testing m.iehine require to lie 
flat discs of cast-iron fl inches diameter, with a rectangular slot 
3 iuches long and \ l inch w nle Find the thi«-knes.s of the discs. 

42. How many cubic fee* of wafer will be discharged from a pipe 
in 24 hours; diameter of pipe 3 : ’-, inches, mean ndocity of water 
2 foot per second ? 

43. The amount of water discharged u each stroke by a pump 

equals the area of the plunger multiplied bv the length of stroke. 
Jf the diameter of the plunger is4 3 in . >iioke |(i m., and 20 strokes 
are made per minute, how lone will it take to empty a full cistern 
6 ft v wide, 4 tt. deep, ami I t feet cxtieme length, the ends being 
eoim-eiroular m plan ? [N.U.T.] 


Summary. 

Volume of a Cylinder - area of Ixwo y height ~ x A. ■* 

LateralSurfaoe of a Cylinder- circumference of Ikisc x height 
- 2rr x h. 

* Volume of an Oblique Cylinder - nrm of hi* x nUUurh. 

Volume of a Hollow Cylinder^ area of base x altitude =»•(#-**)*, 


CHAPTER XL 

VOLUME AND SURFACE OF *A PYRWIID. VOLUME 
** AND SURFACE OK A FRUSTUM OF A PYRAMID. 
VOLUME AND SURFACE OK A CONK. VOLUME AND 
SURFACE OF FRUSTUM OF A CONE. 

Pyramid. - Let MU'l) 1m* «»ne of the *i.\ />»•: <»f a eul>e. 
Join (*ar’n of t lifv* |*oint.s to the middle point or centre of the 
culw (Fig. 52). It is trident that a 
square pyramid i« formed, and also 
that the eulx? consists of six hk-Ij pyra- 
mids, the laise of each pyramid In itio 
one of tile faces of the euhe. lienee 
the volume of the pyramid \ that of 
the cuhe. 

If A denote the height of the pyra- 

* * - v j> 

mid, then /< = - where a i.s length of n<l Ml ..v«»inino rf a 

M mritfnld. _ 

Bide, BO , of the enhe ; 

volume of pyramid- -j/t 3 , or ^ * ’ 

Hence, volume of pyraw/tf ~ }^trra of lew x height). 

Of, the volume of a pyramid is one- third that of a prism on tho 
same lawe and the same altitude. * 

v Experimental Verification.- A model showing how tool>U|o "■ 
the volume of a pyramid may l»e made as follows r 
Jin Fig. 64, the four cornel's of the Kise EFUI1 are joined to 
pyramid is formed with A as apex and base that of the 






ill out 1 diagonal FA. ( 

In thn manner tlio culx; ia 
divided into tin t*e equal square 
pwamids. Tin* height, of each 
pyramid ii ! be equal to the 
height of tin* rnlif, and the baso 
of each, one of the faces of the 
cube. m ' 

1 |i*iiiv nAiiiin' ot till h pi/rpmid , 

* (<//■< < t of x heighty ■ 

Ex. 1. Kind tltf volume of ,i Mpi.iie pvi.imid. side of l>aa« 2 feet, 
height 3 feet. j All>ll( ,f|„ 1M1 .« l; 

\ olmiif Ai4 - 3» I ‘ 111* ft. - 1 

' The surface area of a pyramid i" tin 1 aiea of l lie Ikimo (which * 
bmy lie any jMlygon), togethei with the area of a number 
f t nancies uhhh foi in the faces or sided* 

of the figui<\ 

If the jiobyoii forming the baso b<& 

B0$ 

oliil (Fig. f>. r >) consist 1 



.J 

fall from the| 


IlCit, etc, of the 
of «>qiml isoM-eles triangles, 

'Hie peijiemiieulars let I 
vertex 0 to each side .1/f, liC t etc,, U$li 
all U) equal in length ; the length 
lie found cither graphically or by cftlcQ*/' 
lation. 1st the length OQ be denot^ 

f» x l 

Vp ■ ' . ^ 


Aren of each triangle 
yhoro <1 denotes the length of the equal Midi's AJl , or BC } etc. 
j&‘ - ' ' lateral surfiu-e- 1 ' 

^yv d; if a denote the number of sides in the We, 

• , lateral 8urfaro«—«- X -, 



, or the lateral syr/aoe equal* half l 
plied by the tlani height ; " ’ V A * ^ #< ^ 

, •’* total ^rea= lateral si inf; tee together 'withih a area of the ba* 
To obtain ^lie lateral surfaee when the height 4 tmdaide j 

*ba»e a an* given, it is ensurv to hud tho slant height) l 

: length of (HJ. » 

' From tlie right-.tnglet^lii.ingle < fifty ( Pig. .v>) t wo have 
(M/ s --Ol*+PQ** 

hut OP— h and /’V [ . 

.-. / ^ 

i?j*. I. Kind tl’" xiiliime .uxl tolul xtiif.M’e of n square pyramid 
aide »»f huso i f*‘i t, height feet 

Aminfluw I 3 IG sq.ft. 

Volume of p\ i. mud ,* IflyG s # ° 
i ul». ft. 

The slant height \ • (*) .-s'iiTt • 1 -\*25 

o 3, S3. 

The perimeter of the l*a*o i* 4 <4 ; 

i -* . , . i r 4x4*' .VSHTt 

-? .. lateral siy-fare- - - - ;> 13 OH wj. ft. 

Area of I him* Hi *mj. ft. ; 

•\ toud surlaeo^43W t HiaftHW sq ft 

^* 4 ' Frustum of & Pyramid. — When # 

pyramid is cut by a piano parallel ,4 

j^jfo lt» Ikuw*, the sloping faces arc ,'J^\ 

to consist of a nuinlier of c/vSrf 

j^Ukpemms. / \ /; [/ \/ \ 

.As shown on p. 131, Part I., the / \ 

^s.anm'of a trajiezium is the product £('' I I V' , ''Ac 

a yf half the sum of the parallel sido \ / *p \ /** 

distance between them. \ / \/ » 

^Sypt^ace if in Fig, Wi, / denote the " q ^ 

the fruHtlun or Pio. * » vn*M 
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trapezium AB<xh y i.e. the perpendicular distanep between the 
parallel lines nb and A B. 0 

A l ea of trapezium — \ fah+A l>)l. o 
If n denote the numW of sides in the feudal' polygon 
forming the haw, 

Uteul s.lffare "(«A+. I /,*)/. 

Lateral surface s >nn of perimeter of fhc end }»>tif<fOHK multi • 
plied fo/ lot/f the distil /O'C between t/o'W, 

All*. 1. Find the lateral smfaee of the frustum of a square 
pyramid ; the side of the base IS ft , the top sui fare 11 ft., and the 
slant height 12 ft. 

Here, perimeter of the ends 4(IS f 1 1) 1 10. 

. Lateial surface - 1 Hi . V" -000 sq. ft. 


Cone. As we have already seen, when the base of a pyramid 



is a eiiele, tin* snlnl is called a cone (Fig. 
f>7), and is theiefme a pyramid on a 
ciieular base, and as hefoie : 

Volnmo of pyramid . 

- of base x altitude ) 

^\rrrxh. 

Wheie r -- radius of base, 

ami It -altitude of tone. 

Thus, the volume of a cone is one-third 
that of a e\lmder on the same base ami 


^io. fT.-i owe. the same altitude. 


This result may lie chocked in a l.ilmr.itory in many different 
ways. Thus, if a cone of biass and a cOinder of the same 
material, of equal heights, and with equal bases, lie weighed, the 
weight of the cylinder will Ik* found to lie three times that of 
the cone. #Or, the cone and cylinder may both lie immersed in 


i A graduated glass vessel, and the he'ght to wliich the water rises 
measured. Or, if a cylindrical vessel of the same diameter and 
■ height as the cone, is filled with water, it will be found, by 
inserting the cone point downwards, that one-third the water 
» will be displaced by the cone, and will overflow. - y 



: ‘ X4tkral surface of 

lateral SurfSwe of a Cone. If tho U*o of the cow* tie 

divided into a huml>er of equal juirN .(//, y • 

BC } etc*. (Fig. 58 ), then l^y joining J, H, JN 

(\ etc., *ft) tlu* \erte\ I’, the Intel jil hid - /fj \ 

fa«*e of the s^id is di\uh*d into a iiuuiImm II \ 

oftiiangles, Will, 17/C. etc 71' \ 

If a line lie drawn pci Jh-ndu ular lo 1U\ /. / r - -A 

and jKusiif^ thiough I'; and its lengtfi \J V 

,H 7’ ^Bc ^ 

^ 11 ’ • »« f»8 lAtoral surtaco 

area of triangle I7/C- J ( ll(' v *>f n o>n<«. 

If n denote the hiiiuIhu of triangles into which the hnse is 
dividefl, and >t the length o| JH\ 


I hen, lateral smfure x >iji appioximatelv. 

Am the niiinher of p.uts into w It i< di tin* ha sc is divided is 
ini eased, the ptoduct mi Loonies mole neail\ equal to the cir- 
cumference of the l»ase , and he< onies equal to the ein mnfereneo 
when the nmnhci of pints is indefinitely meieased, also p 
Irvoitjcs at the same tune equal to /, the slant lieight. 

•. Lateral tun face- A irr! vrt 

Or, we may pioeeed as follows . Cut out a pioee of thin juiper 
to exactly cover the lateral sui- 
fttcc of a cone. \\ hen oficned 
out it will form a Heefcir of 'i 
tdrclc of radius l (Fig. Mi). 

The length of are (,'/) 

"*circmnfeteii(H‘ of 1 uuhc- of cone 

vr. 

But a« we have seen on p. 30, 
t the area of a sector is equal to 
half the arc multiplied hy the F, °* -Pcvclopineut «»f a 
radius, 

Literal surface = \ (Cl)xl)^\ (2irrxl)-- rtf, 
ih# lateral turfwr uf u an)r c/y md, X half fwlnxeirr uf l mm multi- 
plied by the $Lnnt height. 
f If A denote the height of the cone, then 
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« * " * V 
. JSx. 1. Find the volume ami lateral surface of a right oGok-, 

diameter of Uwc 87 in., height .10 in. 0 ' 

* c 

Area of hast* ~67 3 • * '1521*88 sq. in. f , 

Volume of cone \ (1.'>g.V()t» ^ 10) Ifi’JotWi cub. in. 

Si, ml height n^I-.c I HP 44 ‘.iS. 

Surface 07 ■ IMlA) 1711 So sq, in. 


Frustum of a Cone. The aiea of tlm surface of the frustum 
of a pyramid consists of a number of fiapc/.iums. 

Sunilailv the emved snf.ue of a emu* may he assumed to 
consist of ,m indefinite number of tiapc/iums, the parallel aidag 
' forming pa 1 ts of the cii< ul tr end?,, and the distance between 
‘ them the length of the slant side. 

Latent/ .urnaee Msnni of ciiciimferences of ends x slant side) 
[{•1x1/ i ■:*>’)/ Tr(ft + r)l. 

Where fi iv tin* i.ulius of the base, and r tin* radius of the 
1 smaller end. .To obtain the total aicn the areas of the two ends " 
must l>o added, 

/. Total area- r(A’ (■ /•)/ f r(/f‘ + r 2 ). 4 

Kr. ‘2. Find the lateial suifaec and total aiea of the frustum of £ 
cone; tin* radii **t tin* cuds air II tt and 1 tl , and the slant 8H 

14 ft. 

1 ill MU hue t . 1 1 111 I P.H'ur - (ill To 8q. in. 

^ Area of the two i mis ar ( 1 1 1 • 7I : » 1US t. 

Total a'va till 71 * 4<»S I *q. in. 

• Volume. The volume of the fnistnin of a p\ ram id, or cone, \ 
: is most eiisilv obtained by the Pnsmoidal Jtule, pp. 53, 54. 


KXKRtlSlN. \IV. 

1. Find the whole surface and the content of a square 
side of base t(> feet, height lJKWi fWt. 



► . ’ 2. Find the weight of o solid right circular cone of akft’ii‘0l£)£~ < 
j height 6 inches, diameter of hose 4 inches. ’{fa 

c 3. Find the total area and volume of a squnre pyramid ; fide 
!>w»e 4 feet, height 6 feet. . n 

■ : 4, Find the volume and lateral surface of a cone ; radio# 

^ Sffochee, licight 5 inches. «■ Titf* ,.j£i 



FRUSTUM OF A CONfc 

5, Find the weight of a cast- iron cone: diameter of base 7 iidhes, 
height 10 inched. What would be the weight of a lend roue of the 
lame dimensions ? • 

0, Fii*l the weight of if-tt oleum in u conical vessel : diameter of 
base 7 inches, ^jeight S mines Sjm «*itn gravity <>1 pet i oleum S7. 

7. The altitude of a In-v ignnal p\ i.umd is S feet. Km h side of the 
base is (i feet, find the volume 

8. A regular p\ i.imid ^.i* a -ijuan Uise taeh sub of which in 
12 07 incluii long Its volurm king ).'t#2 ( uhn im lies, find ita 
height. 

9. Find the eontent of a eneulai light cone, when the diameter 
of the base is 174 inches, and the length of the slope fnmi the vortex 
to the base is 145 inches. 

•10. What length of earn as \aid wide will be tequired to make a 
couieallent 10 feet high and base 12 fn t diametei ? 

11. The lu.se of a s.juai'e pvramid «*ov« r an .in a of l.'l 4 acres, f he 
height is 4 SO feet. Kind the side of the opiate and the volume of 
the pyramid. 

12. A nglit pvramid (base a squ..re of 7 im lies, «.idc and height 
8 indies) ismt into two parts b\ a plane paiallel in the base and 
fl inches from it Kind the volutin so! the two pails and their total 
surface. 

13. The great pyramid of Kgvpt is Isl fei t in in iglit and its 
base 704 feet in 1» ngth Kind the volume in < nine vards. 

14. What length of canvas, wlm h is 1 \aid wide. will he required 
to make a conical tent S bet in j»«*i pcmlu ulai height, with a radius 
of OJ feet? 

15. Kind wlmt length of canvas Jj y.ud wide js lequucd to make a 
Conical tent 7 yards hi diametei and 12 feet high 

16. A piece of jfhper m tfle foim of a < m ulai sc» tut, of which the 
radius in 7 inches and the length of the aie 1 i m< In s, is funned into 
a conical cap. Find the area ot tlie eomeal mii lace and (lie base of 
the cone. 

17. Find the numlier of culm feel in a hexagonal room, each xftle 

of which is 20 feet arid its height 30 feet, which is finished above 
With a roof in the form of a hexagonal pyiarnid 15 feet high. • 

18. A pyramid has » square kise, the area of which is 20' 25 sq. 
feet : each of the edges of the pyramid passing (litough the vertex u 
80J feet in length. Find the volume of the pyianud. 

19. The interior of a building i« in the form of a cylinder iff 40 feet 
radio* and 20 feet in height. A cone sntmounls it ; radius of kose 
40 feet and height 10 feet. How many cubic feet of air will tht 
building contain ? 

’ 2d Find the Area of cacIi of the sloping surfaces of a frustum of a 
, pyramid, perpendicular height 0 inches, and a square base, side 
, e inches, toe side of the upper square being 1 inch. 
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21f I# 30 cubic inches of powder weigh 1 lb. , what is the radiue «l 
the nase of » cone whose altitude is 0 feet, and which contains 360 
lbs. of powder ? • 

22. The base of a cone is an ellipse ; { major axis 4 incl es, minor 
axis 2 inches, height H inches. Kind the \oluine of the cone. 

23. The lnise of a cone is 10 in. diameter, slant height 13 in. 

Calculate (a) hiim of em\ed suiiuce, (l>) the urlume. [U.K.I.J 

24. The base of a cone is 4 S m, duufietci, height 0*2 in. Find 
(ft) slant height, ( l> ) \<dutfie, (c) ,uca ot curml «mtur*e. [U.K.I.j 

25. A tent in the form ot a cone has a base OH ft. diameter, 
height 10 U. Kind : 

(«) Volume ot air the t * nl null hold, (f>) slant height, {<•) area of 
earn as neces.ary to make the tent. [U.K.I^] 

26. Compute the weights o! :i sihei cone and a east iroir'Hqu&ro 
pyramid, eaeh of the s.iim* height, the diameter of com* equal to 
Side ot sqiiuic Sped lie gmutv ot sd\er is 10 .*>, ot i ast iron 8'8. 

[N.U.T.J 

27. Kind the uie.’i of leather needed to cover a cone, base 12 ill. 

diameter, height Is in. The lent Inn in one piece is a sector of a 
circle ; find the angle between the stl.-ughl lines. [N.U.T.J 

28. An nor nut is in shape u tegular hexagon of 207 cm. side, 

and is I HO em thick In plan, the di.stanee tiom a corner of the 
hexagon to the neatest point on the hmimlan ot tin* hole is 1*38 cm. 
Neglecting tin* internal sen-w, find the weight, per gioss of those 
nuts, tin* spot* i tie gwmiy ot non Imng 7 02. ’ [N.U.T.J 

29. Fight ton i ot earth aie lippul into a corneal heap of baao> 

diameter 12 tt. with sales at an atiL'Ie of 3,*> with the hot i/.ontaL 
Kstinrnte fiom th.se data tie* dciiMl\ of the eaith. [N.U.T.j 

Summary. 

Volume of a Pyramid ^(aren of banc) *■ height. 

Lateral Surface of a Right Pyramid - half /4c mrinutUr of (he bcu€ 
plkihfJietl hy the ,s taut henjhf. 

, Fwstum of a Pyramid : lateral surface - \ (sum of perimeters of tbo - 
OUds multiplied by the perpendicular distance ktween them). 

Volume of a Cone - \ (area of base) ' height i,T> a x A. 

Lateral Surface of a Cone - n nn nf l>aw x riant height). 

Lateral Surface of PruBtum of a Cone l(mm of rin'iimfercmaa of 
ends x slant side) - » (Ji -t r)S. 



chapter xn. 


YOLUMK AND SURKAFK fiF A SOLID KINO. VOLUMK 
Atfl) SL'KKACK OK A SOLID Sl'HKKK. VOLUME 
AND SURFACE OK A HOLLOW SPHERE 


? ( O")' 


B, 


Solid Ring. If it ciii'lt', with i entie ( lot.ite about all axis 
Rueh as Mi (Fig <*)), the solid Icm i died m called a Mt nr - 
cuhir ring, m simply a solid ling. llv Lending a length of 
i"und solid iiidiat ubhei , a ring 
such a.s that shown in Fig. 01 
may he obtained, The length 
of nue)i a piece of i tibbei is the 
distance ])(' from the a\is multi' 
plied by L'r 


A« 

Fto. CO. 


,‘j, Examples of solid rings are found in cm tain imgs, in am hop 
rings, etc. It w^ll he oleums tliat any <tohm*hc< lmn of such a 
> ring will Ik* a circle, also that it 
; tnajr be considered as a e\ lirnler, 

, bent round in a circular arc 
1 until the ends meet. The mm a 
Sjmgih of tJw rtjli/nkr v'iU fw 
' .’equal to 2vC/\ or, the rin»m~ 

C fenrnre of a cin A* which jxmm 
*" through the centra of nr*/ of <i!( 

, ' Mo mm-sectioM. 

\ Instead of eonsidei ing the case 
faf&JL cylinder lwnt to form a ring, 
may imagine a Kit ha\ing a 
rectangular ewes-section to lie 
^jfewtdii the same way to fonn a ling as in Fig. 62. 

S-jk-i/Vr . 
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Apia of a Ring. —The surface area of the rj>ng or curved 
surface will he equal to the circumference or perimeter of a cross- 
section multi ghat la/ the no -an length of <rfo' ring. ^ 

If r denote the lnditM «>f tin* cvhndei from which the ring 
may Ik* imagined to Ik* formed, and H tlx* mean radius of the 
ring, then 

l’ei imeter or i ireiimteiem e of < i oxs-seetion -- 'Inr. 


M*un length - -V// 

*. A tea of ling 2rrr > -rrl! (1) 

4r*7 .V (2) 


I*:,,. (I) will pmkibly he easier to irmemhei than Kq. (2). 
Volume of a Ring. -The coin me ot a nug is the a reft of a 

eross-seef ton moltigl a >i to/ the no an length 

A lea of ri os^- sort ion 7r/' 2 . 

Mean length 'lirll. 

.*. Volume ;r/ J X 'lirll 

■ lirVtrK (3) 

In a Mtnilai manner tlx* volume urny 
he obtained when tlx* cross -section is a 
rectangle (Tig. G2), or (p. 87) by con- 
sidering the ling to fotm a shoit holl<»\\ ey Under. 

Ex. 1 'I'lx* i loss-seetnm of a solid w rough t-ii on ling, such as an 
anehor ling. is« .>ircle ot 5 inches radius, the inner radius of the ring 
is 3 fl ; tiixl (o) the area of the curved sui'ace, (f>) the volume of the 
ring, (<*) its weight 
• («) Here r -a ; R~ 36 - - H 

Area of eurved surface -4r‘ J ^ 41 > a sq. in 

* v- *• 20 . 41 

Ut sq. ft. -- 56*2 sq. ft. 

*(b) Vvlumi. Aren of cross-section = t \ a 2 . 

Mean length - '2r \ 41. 

, *. volume - “ ir ^ cub. ft. = 11*71 cub. ft 
(c) Weight -1171 ' 480 lbs. =5620*8 lbs. 

• Ex. 2, The cross-section of the rim of a cast-iron fly-wheel la a 
square of 5 inches side. If the inner diameter of the ring ia 5 ft.. 
And {«) the area, {M the volume, (r) the weight of the rim. 

Aa the inner diameter is GO inches, the outer diameter will 70. 

.*. Mean diameter = $ (00 + 70) =65 inches. 




THE SPHERE. 


101 « 


The rim may 1 m* considered jus a square prism, aide of lwae fi^ichea, 

length r v 60 . 9 

(<*) Perimeter of «<|imr<» l -< .*i 'JO indies. 

^ Total mu hue, or urea JO • r - (>.» mj. in. 

l.'KHlir mj in. 

(b) Volume 1 at (*11 of liase) ■ (length)- •"»' * » <’m ItiJ.'nr cub, in. 

(r) \\ eight - MiJot ✓ ’% lb. • 

* EXERCISES. ?V. 

1, The H'etion of the ritn of a lh whet I is a rectangle (i mdiv* 
will*’ anil 4 inches deep. the uinei i.ulma of the inn is 3 ft ((lit.; 
find the volume and ueight ot the lim, the uuitiii-d being cant iron. 

’ 2. In a cast-iron wheel the mnei diameter of the inn in J feet 
and flic ciohn. section of the inn is a nnlr of (5 imho ladiint, find 
the weight of the mil 

3. The mini diunetei of a wi ought mm anchor ring i« IJ indie*, 
the nos*! section is a ein le I inches dnunetei ; find the surface, 
volume, and weight of the img 

4. The cion- s« ction of ih< i im of ,i i .iht non fit win el is a reef angle 
8 inenew by 10 imho It the lm i.ii dl. nuclei |s 10 fiet, lilhl the 
weight of the i nn. 

5. The volume of a solid i mg is 711 )J“* cubic iiwJh k. and the 
inner diuiii* t'M g ] indies, find the di.ime'i i of the eiosa wt lion. 

6. The outer diameter ot a *ohd i mg is IJ t> niches; if the 
volume i.s .">4 J eulue indies, tind the inner dunietu of the ring. 

7. Find the \oltune of a ev Imdneal i mg w host* t hn kness is J7 indie* 
and inner diamctci Utt indie* 

The Sphere* —A Hei%it iivh* of ladius r if made to Mate about 
ita diameter as an axis, will time 
out a sphere. 

Any lino stieh as All or t'D (Fig 
63) passing through the eentie and 
terminated Imth wavs liy the r*m ■ 
face, is a diameter, and any line 
such as 0A or *H' jia^ing fioni the 
centre to the circumference is a 
radio*. 

By cqtfcing an orange ot a ball of 
soap it is easy to veiify that amj 
section of a sphere hy a plane is a 
circle. The section by any plane which jxuwch through the 
centre of the sphere is called a great circle. 
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f, 8 tZu A ~ Th ; Mu ™"« 

, ' 

Tl , , .I,..,,. i r ,., ^ 

^ 

JE "Th^r 1 r/ ' (Kl - ■' 8 i» the 

t'»t "f th.- l.Un.. Mil I'.I.V, „ „ 1(W L,;' 17"' ,v * twice 

thr aifM of (|„. snrl fn . * 

To obtain tin* vo|„, m . !( ‘ ,r Sp '' K “ x ' 2lrr>i ^ 

1 ' IH *' t«, multiply this 


l‘V \r. 
T/t 


t of t hr 


< nf / tn , 


• t/fnnh 


fo f t" ,f <• ! flit‘ ro'cnm- 



Flu. iM.— Si.tioio mul its t j, 
otuosorlbiu^ cylinder. 


r *•/ a . ifhr , 

■'•' nfnth / i 

^ '! ' 1,1 * , * 1 * 1 r ' ,r, iiiiHrnbin£f 

nr t|,, cvlirwl,., wl„Vh j u Jt 

T .' n,w, ‘ s ;l y W,v ” f /• in shown. , 

» hr i Hived stirf.'icr of the i-^v lui(ha|. wjl] 

,u ‘; ll < "»nf«>rr,Hr of tho kso 2irr 
itm!tip]| ( .<l I iv thr bright 2r; 

*’■ < * IIIV « , '«urfn«rnf<. > l III( l CP 
z - fi rx - r ~ y )~ r ~. 

^ M ‘ v °binu> of thr 
that of thr 

Tl lin< In. 

- nus, arrattfl^rofrvhn,!,,.^^, 
h,,, Kht of r\ lindn =2 r . 

' Al . , *’* Vohl,n <' »f ‘‘.vlm.W - L >rr’ • 

- 

•> > <&*• -» w- 

'Manlier „f pyramid-. |, v f , ">‘0 » Urge: 

centre of tho ' The iZ ZtZ T”'* ', ™*'’ the 

enough, mav h. omshleiv,! j* plan.. Zirf ,™‘' ?h‘ h ‘^ i 
of each pyraniid k to lhe ' mhm 


Hpllf'lf is two- 
’•iiruniscribing 



8 URFACK AND VOLUMK OF A RPHKRR. ~ fm t 

Hum of the lmses of all the pyramids iw equal to the n\n of 
the surface of the upbore, ami the*nta) volumes of the pyramids 
are equal to the v«»lmm^of the sphere. i tut the volume of a 
pyramid is am*- third tin area of the base multiplied by the 
height; therrfoie the volume of the spheie eonaidered as made 
Up of pyramids h eqmi^to the suilme of the spheie multiplied 
by one-thyd the larbiis. The ‘-mf.ee of a .sphere has already 
Iwhmi allow n to be fniij turns the anti of the hemispherical 
wtioii, that is tr/-\ It will tlieieime Ik* seen that (hr I'ulttme 
<>/ the Ajlhro'r, not If hr fnUitil Ay iibl/tl fif >fiiaf fruit filar a (hr \tren ofti 

circle of thr sjthcrr Ay (hr rtiitms, uiof f>fln»f onr-fhmi the ■ 
pr or h<ff. 

’The formulae bu the surface ami \oluine of a spheie assuMOU * 
a lnueli more movement f* »i in when eApies-ed m terms of the 
diameter of the sphere. 

Let (/ denote the diameter, then r ^ . 


iSur/nre OI ft Kf,/irrr Jr^ ^ ) i 7<l l . 

1 ubitac of r i * filucr I J.<1 1 

- -a'l'Ml't ' {:*) 


hlYun hq. (3) fas "f> i- one-half), the iff>/aoi laotfr method of 
quickly obtaining the j-ohime of u spheie is i radii) obtained, 

1.0. To find the I'ohlmr of <i Hf/hrrr fnf.r half (hr ml it Mr of (he 

cube on the ilmnutrr and arid a ore mut. to it 
* • , , 
Ex. 1, Find t he surface, volume, and weight of a cast- iron ball} ’/ 
< radius 6 25 in. 

y Surface - it x 12 .r wj. in. 

2 log 12 5=2*1938 

„ logT = T972 antilog (1910- 4909 

2-6910 . Surfaca* 490-9wj. in. 

Volume ~ '"fZMyP cub. in. • 

3 log 12 5 =3*2007 

log *5236 -- 1-7190 am dog 0007 -1 023. 

3*0097 Volume 1023 cub in. 

Weight of ball f velum*) ✓ (weight of urfit volume) 

= 1023 x *26 lbs. = 266 lbs. 
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Allow Sphere. -- If the external arid internal diameten* of a 
hollow sphere lie denoted Isr /•_, and r, re.Hjwtively, then the 
volume of the mateiial forming the sjflieie would 1 k; * 

; *7 rr/ *7 t( / ‘ j * - r./). 

Thin may l>e replaced h\ itx eqtm.ilent 

•>W'V 

/•>. 1. Kind t hr Wright of a ra-t non hall, cxtenAl diameter 
0 inches, internal di.imetet t indies. 

Volume (!» ‘ I') -5250 ( 7*j!» 04) - *523(1 a 055. 

Weight ot hull - *5230 v lMi5 - *i_Mi ~ DO 53 lhs. 


MXKKrlSKS. XVI 

1. Kind the surface and weight ot a east -iron hall 7 inches 
diameter. 

2. A hemispherical basin ( Ki lj. 05 » 
holds 1 gallon of water; find its internal 
diameter. 

3. If 30 culm* inches of jiowder weigh 

1 lh., show that it will require neatly 
9 1 1 is. to till u shell whose mtetnal 
diameter is S mehes. Wliut must la- 
the diameter to contain (i) ID Ihs., (n) Km. ns. 

37*090 Ihs. of powder v 

4. A sphciicul easi-iron hall Id inches diameter, is melted down 

and cost into h conical mould, the base of which is 20 inches dia- 
meter ; find the height of the tone. t • 

5. A sphere has a radius of 25} feet ; find its surface, and deter- 
mine the radius of a sphere whose surtaco is } of that of the former. 

6. Kind the diameter of a hemisphetieni cup which holds half 
a pqit. 

7. How long will it take to fill a hemispherical tank of 10 feet 
diameter by a pipe supplying 6 gallons per unnuto ? 

8. Whafc is the volume of a sphere when its surface is equal to 
that of a circle 4 feet iu diameter? 

9. Determine (i) the radius of a sphere whose volume is 1 cubio 
foot, (ii) df a sphere whose surface is 1 square foot. 

10, A sphere, whose diameter is 1 foot, is cut out of a cubic foot 
o{ lead, and the remainder is melted down into the form of another 
sphere. Find the diameter of the second sphere. 

11. Determine $he number of yards of material, 3*239 feet wide, 
necessary to make a spherical halloon containing 1000 cubic feet ’ 
of gas. 
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12. What is tin* weight of a hollow sphere of coat-iron, inside 
diameter l£ feet, and thickness 2 inches! 

13. Fiiul the weight of *a ball com]M>sed of a cam t- iron sphere 
8 inches m diameter, coated with a layer of lead 7 inches thick. 

14. Find the w eight of a mefhl shell, the exterior and interior 

diameters lining 10 inches and h im-lien resj H ‘eti\ «ly . specific gravity 
of the metal 7 21. ^ # 

15. The ^eights of two spheres, whuh at e solid and made of the 
same mateiial, are '>12 lbs. and 720 lbs , retpe. ti\el>. If the radius 
of the first spin re is Mi inches, what will it cost to gdd the surface 
of the second sphere at I ,M. per wpiare inch 

16. i f 80 cubic inches of powder weigh I lb , find the internal 
dimeter of a sphern.il shell that is just filled by 87 61 W lbs. of 
powdey 

MIS( HI. LAN HOI’S K\KK( ISKS. XVII. 

1. A wi ought iron hollow jxmtonn, tlmkiuHs Jlh inch, has a 
cylindrical lx>d\ 20 feet long and l.**inij»phericul ends. if the outside 
diameter is 3 ft. 4 in., hint its weight. 

2. The area of the sector of a circle is 2210 7*67 tnjuaio feet and 
the radius 33 feet, find tin* length of the Hie 

3. A wi ought iron boilei is made in the form of a cylinder 1 foot 
nulius. The ends of the Unler an* liemisphcruul, the length of the 
cylindrical part of the boiler is 1 feet; find the weight, of watei the 
boiler can hold. 

4. Find the. surface and \olume of a regular pyramid on a square 
base, side of base 6 inches, altitude X inches. 

5. An area oj 200 square yards has to lx* covered )>y a conical 
tent ha\ ing a height of 7^ feet ; find the amount of ( anvas reipiired. 

6. Find the radius of a cylindiical vessel II inches in height, 

which will contain as much water as two cylindrical Venecia, rodimf 
of the first 6 inches, height 1 foot ; radius of the second 8 inches, 
height 1 $ feet. * • 

7. A cylindrical l>oilcr with plane ends is internally l. r > feet long 
and 4 feet diameter, and is traversed lengthwise by f>0 tubes, cash 
3 inches external diameter ; determine the volume of water the 
boiler will contain 

8 . A leaden sphere 1 inch diameter is Ixtaten out into a circular 
aheet of uniform thickness of t cr inch. Find the radius of the 
sheet. 

( 9. Find the weight of v hollow cast-iron sphere internal diameter 
2 inches, thickness one-fifth of an inch. 

10, Prove that the area of a triangle is half the product of the 
tbaae and height, and that the volume of a right-circular cone is one* ; 
fhird the product of the area of the base, and the height. 
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it The radius of a sphere is equal to the radius of the base of ^ 
cone ; find the height of the e^pe when its volume is equal to that of 
the sphere, t 

12. The slant side of a cone is 25 feet, and the area of its curved 

surface is 550 square feet ; find it« volume. * 

13. If the surface of a cube bo 491 \'IOti squaic inches, what is the 

length of its edge ? % 0 

14. A cistern is 9 ft. -^in long, and 7 ft. <> in. wide, and contains 
(I tons . r > cwts. of water ; lind the depth of the water in the cistern. 

15. If a reservoir of water be (> ft. 4 in wide and 25 ft. 4 in long, 
how* many tons of water must be diawn oil in outer that Lho surface 
may sink 7 ft. fl in v 

16. The base of a cone is an ellipse, major axis S inches, miiftir 1 
axis t) inches, the height, ot the cone is 15 inches ; lind the vbluiqo. * 

17. Find the ntimhci of gallons of water wlmh pass in ten seconds 
under a bridge, the stream being 19 ft 1 1 in. deep, 17 tt. X in. wide, 
and its velocity 8 miles per hour. 

18. A plate of metal is l0ti'5S inches long, 14b inches wide, and 
2 inches thick. Supposing it to be melted and cast into an exact 
cube, what would l>e the edge of the cube? 

19. What weight of lead will l»e required to cover a roof 48 foot 
long and 82 feet wide with a sheet of lead j'.j inch thick ? 

20. The length of a field of 50 acres is to its breadth as 4 : 3 ; find 
the length and breadth. 

21. In a schoolroom 77 feet long and 32 feet wide there is a raised 

{ lUtform with straight sides and back and a semicircular front ; the 
ength of each straight portion of the platform is 10 feet. Find the 
area of the floor not occupied by the platifbrrn. • 

22. If a cubical cistern open at the top easts 15 guineas to line, 
with lead at Is. 9d. per square foot, hoxv many cubic feet will id 
contain ? \ 

28. Two thin vessels, without lids, each contain a cubic foot,' 
The ono is a rectangular parallelepiped on a square base, whose 
height is half its length : the other a right-circular cylinder whose 
height is equal to the radius of its base. Compare the amounts of - 
piaturial which it would require to make them, the thickness being 
the same for each. 

24. Wfitor is flowing at the rate of 19 miles an hour, through % 
pipe 15 inches in diameter, into a rectangular reservoir 187 yard** 
long and .84 yards wide ; calculate the time m which the surface’ 
m be raised 1 inch. ' 

J 

25, A gravel walk 6 feet wide runs round a grass plot 60 fcetf. 
long and 40 feet wide. If gravel i" 3s. per cubic yard, hnd the oofl* 
of a coat of gravel on the path 3 inches deep. 



SUMMARY. 

\i £6t Find the radius of a spherical Isillnon which contains 179111 ‘21 
, oubie feet. # w 

27. A wlid metal sphere il inches diameter is formal into .i tube 

1 inch internal diameter and 4 feet lone ; find the thickness of the 
fcqbe. % 

28. Find the lateral surface «*f the frustum of a rone, the slant 
height of tho frustum Wiqg 2.1 feet ayd the diameters of tho two 
ends 5 feet ^id 27 fwt resjH rti\ cly. 

29. Water is flowing at the rate of 10 Ailcs ah hour through A 
pipe 16 inches diameter into a rectangular reservoir li>7 yards long 
and 87 yards wide ; calculate the time in which the surface will lie 

♦ raised 3 inches. 

#). A rectangular reservoir wlnw length and breadth are 136 feet 
and 07 feet respectively is supple d by a cylindrical pipe, diameter 3f 
inches, through which the water inns at (lie rate of 0 miles per hour; 
find how much the surface will be raised in II hours and also what 
number of gallons will l>e poured in during that time. 

31. If a U-lb. shot lie of 2 34 inches radius find the weight of a 
square plate of the same muteiml, etch side of square being 3 ft. 6 in., 
and it# thickness 1J inch. 

32. Find the cost of building a wall 100 yards long, 6 feet high, 
and 18 inches thick, at t‘ 10 per rod. (A rod of brickwork is 10$ feet 
square and 14 inches thick ) 

33. Find the weight of an open slate ( intern 4 feet deep, 0 ft. 4 in. 
long, and 2 ft. 0 in wide, the mean thickness of the slate Wing 1 
inch and specific gravity of slate 2 '8. 


Summary. 

Borffcoe of a «olld ring. -The area of the curved surface of a solid 
ring is 4» 3 /iV, where r is radius of cross mcIuhi. and It is mean 
radius of ring. • 

Volume of a wild ring. The volume is the area of cross section 
1 multiplied by mean lengih of ring -2#*# *7/. * 

. Surface of a sphere is four times the uk.i of a gnat circle - 4rr* 
f 'where r denotes the radius of the sphere. • 

Volume of a sphere.- Volume of a sphere is *rr\ where r is the ; 
radios, 

\ Circumscribing cylinder. —The area of the surface of » sphere is 
equal to the area of the circumscribing cylinder ; the i clmne of the 
sphere is two-thirds that of the ciicumscnhing cylinder. 

BoQow Sphere. - Volume of a hollow sphere is r,*), wltoM v 

r t and r, denote the external and internal radii respectively. ? 



S FAT ION III.— A L< IK BRA. 


(Ill AFTER XII L 

FA I TOKS. INDICES. 

Thk elements of Mgehia ha\e been aliead\ explained in Fart I. 
of tins w oi k. In ii<ldit i< >n t«> what is there piesented, some 
I\ now ledge of f.irtoi s must be obtained hefoie tin 1 student call 
ho|H‘ to deal successfully with algebiaic expressions and their 
simplification. 

Factors. When an algebraic expression is the product of 
two or mote quantities, each of these quantities is called a 
factor of it. 

Thus, if .♦• + .") he multiplied by .> ft), the product is 

.i 3 +ll.r + % 

and the two quantities r-K» and ./■ + <» are said to he the factors of 

The determination of the factors of a pji von expression, or, as 
it Ns tailed, the resolution of the expression into its factors, 
^uay he regarded as the iiueise process of multiplication. 

'file following i» suits, easily obtained by niultiplication, occur 
so frequently and are of such great inqtortnnce that tliey should 
be carefully romemliered : 

(♦* + fc)0» + fc) or (// + /i)5^.i«4 -aiA + fr. (1) 

(n -/>)*--- »i 2 -2.//>+W i (2) 

The results are true when any other letters are used instead' 
of a and b. We can write with equal correctness 

(a'+y)W + 2xy+y 3 . \ ’ 



FACTORS. 


Or, The square of the mm of tiro quantities is equal to thtMum 
of the squares of the quantities inereaseti hi/ twice their produce 

Similarly, The square of^fhc d iff ere nee of tiro quantities is equal 
to the sui7 of t^e squares if the quantities diminished hi/ tmee their 
produet, 

iiy multiplying ('*+;/)(' //) "** obtain a--/. Conversely 
given .i' 2 - y* we ran at nRn* wntcditvvn the fa< torn as x f y and 
jr — jf. Tln^first <>f these relation" ma\* be expressed as 1 The 
product of the \>t)n and th> dtf<nn>e of fun mini hers is equal to the 
di fere nee of tin <r s</uar< s. 

Ex. 1 . 4 o 2 :w- (40 *:«>}( to :«»)- To ] 70. 

Ex. ± iowr’ <*«>n ■ (hkx) !hk>( inoo ws) imw ✓ 2 3006. 

E.i. 3. I’n obtain the fat tors of .* y\ 

First ( r* »/* I ( » - t //-) ( j 1 y : ). 

Also a» 1 ” if l< -yid yl, 

we can w rite r* y* (/’■y*Mi . y)t» y) 

Ec. 4. Multiplying «- ah • ft- b\ u • h, tin pioducl is found to bo 
a 1 I ft \ 

. a* > If lit 1 h}(if oh f fe). 

Similarly a 1 If la h)Uf \ ah \ If). 

The quantities la 1 h)(a~ ah If j ,tir tin* fmtois of a 1 * lf t and 
(a - ft)(«* 1 ah + If) are the fa« tors of a i If. 

Generally o' , -^ft ,, is d*isible 1>\ of/, when n is an «*dd mini* 
ber, 1, 3, 5, eto Thus, in K\ 1, v is 3 

Also </*-/>'* is dixisihh* l»\ a ft when n as ln-foie is an odd, 
numlier. 'Hie rase of n 3 is shown, and by art mil division, 
atwuming n to In,* any odd nurnls*i, the nde ran he further 
verified. 

When n is an even nmnlier, 2, 4, et< , it Mill Im* found thlt 
a*— ft* is divisible by lioth (a f ft) and (a ft). 

Ex. 5. Let n -- 6 ; / a" - ft" become# a >i - !/• 

We know that a 9 - ft* ~ (a 3 + ft 3 ) (a- 1 If), and in llx 4 the factors of 
(o*f 6*) and (a* -ft*) have been obtained. 

Hence the factors of a H - If arc 

■ {a 4 ft) (a 2 - ah \ lf){a - ft) (a 2 i ah 4 ft*). 

Thus a 9 - ft 9 is divisible by both a f ft and a ft. 
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W^on tho preceding simple examples are clearly made out it 
in advisable to consider the more general expression a n ± !> n , and 
to find that : c ( 

w divisible by ,/ f h when « is odd. f 
a * ' ^ >n i , „ a h ,, M 

a ^ ” ” « ^’th <• -f/'/nd <r -- b when n is even, 

Th, ‘ cases when*,/ 2*3, b « hav «• ah eady I taken. Other 

v ttbies of n should be used and more (omplete xerifications bo 
obtained of tin* rules given. 

liy mult iplymg ./■+ - b\ / -f3 we obtain / ,!f +. r ).r-f-G ; 

(' , 4-2)(rf3) -f- 5 /• 4 - (). 

nmvt ' « iv, ; n thv *‘\}»ression +« to find the quantities 

x+2,andr 1*3,01 t be fart or S of the given expression, we find that 
The first term is the pioduet u f , and r, or 
»’ o o 2and3, nr(>. 

” middle „ „ „ the first tenn, and the sum 

of 2 and 3, or or. 

Proceeding in this manner tho factors of a given expression 
ire reudily obtained. 

Ax. 0. Resolve into factors x* i Nr a 12. 

Here the two numbers ic.juired must have a sum of 8 and a 
product equal to 12. Of sm li pairs of numbers, tlie sum of which is 

‘ T ! To ‘iJ “ ml J* im ’ 1 {i B,Ml - «Wly th‘‘ last imii have a* 1 
Mroduct !«. Hence the tactois reijuned are c 

(x ' 2){.r i 6}. ; 

Or, Me could write the given expression 

* X s ( 8r f 12 as jr * > 2.t Mix f 12. 

faking out the quantity common to two terms we obtain 
x(r r 2) + fi(x f2). 

*1118 shows that x^ 2 is common to l>oth terms, hence we may write / 
- JT* * Sjt i 12 --(r 2l(.c • tn. 

Bx, 7. In a similar manner, 

• x“ -9x-t 20-.i ,J - , r u- -Ax t 20 

; -*x(x ;»} Ur 5) -f.r -4)(.r-5). 

tot* a x*-t Hr t.30-x* + or t fir f 30- (.r *-5}(x+6h 



FACTORS BY StJBSTITOTWW. 

Factors obtained by Substitution.-' The factor* in the ore- 
ceding and in other example may also l*e found l»y substitu&ig 
lor Jt Home quantity which will redtee the given expression to 
aero. a quantity is a*faetnr. Thus in r*-ft.r+2 0 the last 

term suggests ^hat two of the following, 4 and 5, 10 and L\ or 
St) and 1, are the fu< tins, hut the middle temi denoting the sum 
of the nu miters gnes 1 *nd - r*. *I^» asieitaui if 1 and 0 aro 
the factors, jiut x - I ; 

it; 30+20 = u. # 

lienee x ■ 1, m r- l 0 is a f.ictoi. 

, Similarly putting ./ - '» we oht.mi i.V» Ih + gO ~<) ; 

,i - i* a fa< t<>r. 

Hence /• -ftr + 20 .(r 

JCr. ft. ,r* • ().r ,V». 

Put x~ 11 ; tin* rcdueiH » !»«• gbeii e\picHsmn to zero ; 

x i 1 1 is .i factor. 

Next put x i and it is found to Ik* a factor : 

. j tkr ll)(.r r»). 

The preceding examples invnhiug x- and x are known as quod* 
ratio equations, the factors are called in ea< h <'iuse the n>otH of the 
equation. Thus in K.v ft the two \ allies. j 11, x i» are the 
roots of the given quadratic equation ; in a Miiiihti manner the 
two roots of the quadratic 

* x- 9,m. “JO are *4, x - f>. 


\ , EXERCISES. XVIII. 

\ -\v 

What are the factors of the following e\pr< ksioiir: 

1* 16r f>7. 2. HO* . 7ft/ H. 

*■-!&- 83. 4. lb 3 i7or 14. 

5. I0x» l-jr- 2. 6. -r 2 - * 0 - I// 2 ■ 4. 

7. a 3 -3 aV, + 'MiW -b * » r 5 . 

!< $, Add to a 7 - 2nU a quantity of one teim so that it n» exactly 

divisible by a - b. 

JWnd the factors of 

i . W (1) 44: (li) J 3 Hr 102. 

14a^~2&ry-t-8y s . 1L -r 8 - or- 14. 
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P 

Find the factors of 

it, rh/ - 1 tey* + 36/. 13. (a + M + 2r)*-9(2a + b- c)K 

14. (i) ftr* f Ary 6/ ; • (ii) r' - 1 \\x~y \ 42a/ ; 

(iii) (« f 2ft f 3c) s -- 4(ft-t- 1> -e) 3 ; (ft r ) 8 1 a 1 - 625/. 

15. 2b: 3 - l.Vy -20/. 16. (•' 2yf * /. 1 

Deduce without division the quotient of 

17. jt* I I 6a V I 2.'>6/ by *« - 2 <y > 4 y. 18. 1 1 r a + 7;V - 14. 

Indices. 'Hu* nuinlier wlmh expresses tlie power of a 
quantity is called the index. Thus in <r\ o', the numbers 5, 
7, and 9 ;ue called the indices of a, and are read “tt to the 
power live,” "ft to the powii -.even,’ etc. <, 

Since t r'xtt 3 (axo x<0 o u * o' 1 , we may say that in 
the ease of positive whole numbers, to mnftipfy tmjether different 
purer* of the *mne ynantif ’//, /V i.s o/i/y neer.«iin/ to add tho index 
of one to that of tho of hoe II hen one jnonr m ihrohd hi/ another, 
the index of the diei'tor a *nhtroi/ed from the tnderof the dirideiui. 

This may be written in a limit* ocneial manner as follows : 
a ,H (a x it x it... to m factors), 
when m is a positive integer. Similarly, 
a" (a \ a x <t... to n factors) ; 

<t"' xo" (ox//x./,.. to m faetois)(oxo x a... to n factors) 
(<t x k > o... to m + n fat tors) 
a M * ". _ 


Kx. 1. (ft 3 ) 3 t»txf/)' 

- (ft > a){a ' fi)(ft \ a) — a fl , 
or in words, the culm of tr is equal to n'\ 

*fhis most imjmrtant mlc has been shown to be true when 
f^-3 ami it -2. Other values of m and n should Ik* assumed, 
and a further verification obtained. 


Also 


rr‘ a x a x ft x /» x o 
<f' ft x o x a 


Similarly 


ft x <t x a to mi factors 
a* (i x tr x ft to it factors 


It is found convenient to use b»th fractional and negative 
indices. 





INDICKS. 


v« ih written as c 


, The tnoigunj: ntta<he<i to fractional and negative iudieo* is 
such that the pievnais nih- holds f* >i *theni also. When one y 
, fractional jiovver of aijiuntitv is mult iplied frv armt her fractional 
power tin* indiee* aie added, and when one ft actional jmwer w 
fljvided hv anotliei the indiets aie suhtra* ted. 

\\ • * ,,}*„$ 'A 1 * 

' i i . ; « i i i 1 , « , 

a ‘ y,<i a ft • x <i > o' ft a ft. 

Thus, the im.inuie to attaeh to is the Hpuie i « m » t of ft ; to 
(A is the cuhe loot of a squaied, and to ti l the < ids* i'«h > t of d, 


m Since -n' n ‘ " is tme f..| all values of m and v. Ifrt 

be 0, then 

< yn " " 


The general foim is (o'*)"* 

£ Hence !•“ w'\ 

^‘‘-Wllieh is lead as the ;d h loot . »f n to tne powei in 

& X*. 1. Kxplain why the prod net is a u whm o’’ i* multiplied by ,i‘ 
■ and why the quotient i< o' when n" is divided hy 'i*. , \ ^ 

is a short wnv of u ntinii a - - a / n a «. and a -imiUi moaning 


is a short wn> of 
lift attached to a 7 ; 


«* a - a • . to S f.ietors 


flwiriis 
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Also find its value when a -7, b~$, <•< m~2, n - l. t 



Numeiieal value 3- - IS. 


E, 


A 


E.i . 4. 


Kvpluin vv h\ (»(-r (n t «\ 

{it")* (<l . u)(<» H){n nj In <1 n){n n X It) 




u . 


Simplify (trh) 1 Uth") ] : (ft'/i-j 1 

n ‘/e ii 'h { ' 


(« -h) : * i ((/<*) 1 (n"lr) 1 - 


1 

a 


KXKKCISKS. XIX. 


1. How are the h(|Uaie> and euhes of numbers repiesented in 
Algebra? Show t hut n l • ir and prove that >r ; <t’ n~. 

2. I'Apluin the meaning of it-, a, o"', a”, <i ", 

3. lhove that a m v " uml u ,n . ’* ; also that 

(«T- 

Simplify t 

pi#* g (ft-' 

' l't-y (it 

6. ti> * ,{ x l>>‘ f ^ 4 h* 7. .»•" x * -• 


# 8. Kind the product of 

o.r^ 4 2fi ‘.r* • 4.1 1 and a - 2a^x^ 4 4.r-. 

| 9. Multiply Uo 1 J a ,i * 4.r^ by On - 6ft 1 -x^ + ia^x. 

\ Simplify 

i i }* i_ 

' 10. (i)V:.ViW; (i.) \135; (in) (n , ‘ 


11. [aWin'h-if'Y*' 


12. 


(jv+(jy+jj£ , 
(iP+(i7+'l ~ 3ff ' 


ia aW 1 4* flW. 14. -r m -*y n p ' a>~*y 

16. wr* ) x $( i2f f ’r ^c 3 ) 4- «'( \m-wc-y 
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MISCELLANEOUS EXERCISES. XX. • 

* 1 . Add together .r * y, |r y 3;, 2y 2r t *, and multiply the 

result by" y .. 

2. (i) Multiply r 1 * t 1 b\ i 1 i 'Ir' 1 r 1. and (it) divide 

(a^-ftar + ti)(r J or 1-lt l»y t# 10n21). 

3. Determine the hkditM factor which will divide each of the 
expression h 

X* ~ | Or* + 9, r 4 t 7<* ! • 1 1 1 ’ 7 r 12, an.r / ‘ , ‘Jr 1 Hu-’ - ‘-V i 15. 

4. Simplify ^ " 4, <' 1 > J ' < ' ‘ ‘ t I )f 

“ (r J - 2)(/ ' Hi) !?.(.* Kii 

6. Multiply 2r' - Ir* hr’ S /* |(),i b \ , 4 -J, |. 

b 6. Find ait olgelti .tic e\pir«Moit kii< h that when it is divided 
by.fr’ ah \ Ir the «iiu>tn nt is a 1 2a h • /»- and ihe n ummder i« 

'2nVP. 

7. Show that i o' is divisible b\ r a ; hud tin* (ptotieut 
when u - 3. 

8. Find the value of » •’ At - > j -when / 5 

9. Find the value of j « r 1 wlun j 3 

10. simplify (a , h < < p ta h • <■)'-' j (,/ . h , )-* ( « : I. t r f, 

11. (i) Divide 'la >■ 1 o ./ • 2a* by j- 'Aar - 2a and 
(ii) multiply tin* ipiolient liv a ’ o/ 1 a-' 

12. If x l y-2% show that ‘ t !/ 2. 

r ■ y : 

13. (Obtain an expression wltub will divide Imtb 4 * * y 3r 10 and 
iz 3 •+- 7*’ - 3.e 15 without renmindn. 

14. Divide 7’2!)A -y° by*(3r *-y)(!L ,; *> .'try « y*). 

15. (i) Multiply ar : . >u ( ^ by ~ -or ) u ; 

(ii) divide 

x* f Sax 3 (ir \-ii - 7 ) aV 2 - - 5«/i V - <V/‘ I *y r* - ( « - 2) « r - 2a 3 . * 

18. Show that (.r- 2) 3 is a common factor of 

.r 7 - ti.f'* r Kir 1 - 12 .r 4 I 4.*‘ t and fu :" 1 Hr 1 - 4a 4 . 

' 17. From 3(a- 21))- 2(2r //) take 2(a 2 h) 3 (2r - </), and find 
the value of the diflcrcnoe when a - r~h* d and r~-h l J. 

. 18 . Prove t!«t ,r ±yl 4 -(*:.S'l 4 ^.V. 

, Hary* y x 

19. What values of x and y will make ax hy and hx - ay - a 3 f IAf 
550l For what value of r will the two following fractions become ; 

«%«aL; k 2x a 2Lr f 3«y 

*'4: ' 3* -2a’ 3rp2a 
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:• 21. Simplify Sjp'w-r n “VT 

LW.J 

22. Prove Hint if y ~ . ~~ai, c - v- Ay, .r - y-r-,, tlijjiv 

"br h u | h | ■ 0. 

23. Impress in factors tlm three quantities 

4 a a -{♦//-', <\<r -* \ 2 ah I 1 M-, 4 «" - <Wh 2 ft 2 . •• 

24. Fmd the hirtois ol 

S«* * •2V,\ \h) '_>> 1 j ]| - 1 h\ fU.K.t] 

25. ^ rite down the follow me piodurt'. 

^ *»* " ' 1 -H ^nrt 

X l """""- l " | S7r '*«•> 

27. (« I l>) »• (ft I % and I o | L (1 

28. r I 07r I M ; f It, j :ij, , • , -jy (L.O.U.) 1 

29. If a l> .{ 7, f i iii I tin dii' 1 lit tJ ^ J 

30. I'ltid a numhei whose stl, p.nun is 4u times the number 

UV.U.T.] 

Summary. * 

Factors -\\ hen an algebraic expulsion consists „f the product lit 
th^^pre7i'„',r'' n ■« >a 1 1 factor of 

"‘ T, J 0 , ." m ‘ Ur pWe.1 near the top and to the riuht of a 
tnlx ,l,U " ‘ tlu> of a quantity, is ciflled the 

multiplication. -To multiply to,e,he. di Moron t ,mwcn of the ' 
ItitUoi of 'the otiiei'. ** “ W "«™ 1)f «" * 

»" + />" is divisible by a vh when » hum odd number. 

&*-!>'• „ , n-b ,, is odd 

” ” »>otli a t b and -i /. when n is oven. >*, 



CHAPTER XIV. 


A ITROXI M ATIONS. FJ< At TIONS. 

Wfthave abea.h f*»mnl that 

{" r t'Y ~ f {■ //*, 

and by muIttj'Kni/ auain l<\ </ f w.- i<l.tain 
W+ h) «• * :*./■/. f 3»//i- + h . 

It is seen at ninv that -■■viu- i]< tiiuN .n i-m^* im*iit. of the 
coefficients anil mdn e* • ,vii In- ii-.mI* -<> ih.it .tii< >t ) m*i power, suv 
(a + Z») 4 , can U* vwitlen down tin- un-llt'-d nm-d, ,,nd called tho 
Binomial Th*»»n'tu, \> \u\ mipmtant The mle should 1 *j 
A pplied to the opcnit ion of expand'!.!/ -M-xeial simple expressions, ’ 
Such an (a}/')’. (a + b)*, et« , and aftei w.uds ennunitted to 
memory. 

•Take m= 2, then 

„ . , /el'-A , . 

a --if, and — % lttn 


Hence ('* + /»)* a 

Mte «=3 , here »i‘ 


,^'2ah fi faf||/j(+i a 


//"■Vi 


etc. 


/ . 3 .inh* 3.2.1 * 

(„ + *)■-„ 14 -j f k ^4, jW 

-- a* -f 3o 2 /> -f 3///; 2 4- b\ 

* handy check, the reader should notice, that in each terml 
fe?. of the powers of a and b an; equal to n. .Thun, when'j 
U» aooond term a is raised to the power a, and b to thaj 
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jKi^pr 1. Therefore sum of powers = 3. Also, the coefficient 
has for denominator a series* of factors 1 . 2 . 3 ... r, where r has 
the same numcticnl value an tin* pnwCr of h in the ter^. Thufy 
in (lie trim containing !>\ <t must he raised to the power 74-3, 
ami the coefficient must he 

»[><- !)(// - 
1.2.3 

Writing down term* in the numerator to he afterwards can* 
eellcd hv eonesjiondino number* in (lie denominator, would 
appear to the beginner to be a tedious and unnecessary process, 
hut to avoid mistakes it is better to write out in full, ns above, 
and afterwards to cancel any common factors in the nupierafor 
and denominator. • 

The expansion of 

( , + „ r i- ,+7+' ( *^>" ! +... 

when o is a very small quantity, the two first terms are for all 
practical purposes safhenmt ; thus, when a is small, 

(l j-o'r I \-)>u approximately. 

Thus if o . 01 and » 2, then 

(1 4- 01)--= 1 + 2 x *01 =--l‘02. 

Ex. 1. (H 05)' - I l 2 < 05 = 11 ; 
more aeeurately ( 1 -05) 2 = 1 •1025. 

Ex. 2. ( 1 + *05) 3 = 1 + 3 s -05 ,11 5. , 

Ex. 3. V( 1 ‘05) = ( 1 + -05) ■ -- 1 4 x 1)5 = 1 -01 67. 

E.v. 4. + U5-1 - 0167^*9833. 

m \ 1 05 

Fractions. -The rules and methods adopted in dealing with 
fractions in Algebra are almost identical with those already 
considered in Arithmetic. In l*>th cases f motions are of 
frequent occurrence and their eonsidemtion is of the utmost 
importance. Some little practice is necessary before even a 
simple fraction can ho mlueed to its lowest terms. Perhaps 
|he Wst method in the simplification of fractions in, &8 already 
" shown, to write out the given expressions in factors wherever 
possible. To do this easily the factors already referred to Odd 
page 109 should be carefully learnt by heart. •' 



HIGHEST COMMON FAcfott. 

When required to add, subtract, or mm}wtv frart^mal 
expressions, it is neeessaiv that tl#>v shall all have a cmnnion 
‘denominator, and to lev#n tin* \v«.ik it is desirable that thin 
denominatof%hall In* as small as possible. 

Ex. 1. Add \ * } h 

First reduce to a common driionnitatoi fir; mentally multiply 
both mnncr.it or ami drnntuiiMtnr nf the fb^t too lion h} ,'ht, and 

I »> 

obtain ; and simihuly, by mulnplying ly 2, ~ ■ 

1 t 1 Hr , 2 

2 ‘ '.l i fir 

*Ex. 'J. Simplify .] | . ^9. * 

1 1 Xs-i.2 

2 * *r Uj a(3/-!L>) I 

, h t * iTT5 T i*i ti ( :? r 2< 

Tlr* f. K tnrs r(3r i ‘Jl, wlmh i»r<* umimoii to Itoili numerator and 
dt'iionunatoi , .ire cam t lied 

Ex. 3. Simplify 1— Ji . 'L-Ji. 

ft b 1 r 

r >t <t - It r -a a h 
ll,o h a > < i 
• .. i,* 1 -,-,/r , 

(X tt)ob (ft bjt , 

- , - mx. 

f> a x <i • 

The terms common to numerator ami dcnominatoi aru cancelled ; 
tho term b ■ ft im for this purjH«He written in the fotm in b), m 

When the denominators of two 4»t mow* fractions can JX5 
Written in the form of factors, the reduction of the fractions 
to, their simplest form <5111 lie readily HTeeted. Hut the process . 
of factorisation cannot in all eases ls> easily carried <»it, and in 
such cases we may proceed to find the Uujttret Common Factor 
- (n.C.F.> The process is analogous to that of finding the ci.c^v, 
‘M arithmetic. The h.c.f. <if two or limit! given expressions may ; 
be defined as the expremon of hinhwt dinu'Mionn which can be 
divided into each of the given exprmioiU without a remainder. 
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tit 4 . Simplify the fruet ion ^f 3 + 2 x -4 

To find the il.r.F. we proceed as follo^ : 

,*r±r - 4 (x -2 
4 .r_ 

- Sir* f Lr - 4 
-‘At 1 (u a {- h 
‘ bar- -i tu- - 12 

- fi (.r- i .r - 2) ; 

1 a* 2 ) ,r' l Hr 2 ■ 4 ( .r i 2 
r' h 2 j 


Therefore the ii.c.k. j - f _ o 

' Hence r * * r> 1 - * (/ J I r - 2)(.H i 2) .*« ^ 2 

- H ’ " 4 (■* ‘ *■ * •* *J)(a' i 2 ) 7 + *>* 

■JSn “ 4 

the W C, jht/fi/,/,. (V . ; u ‘ "”^*'7 to obtain 
. -*toW rAfe*, „ , r f 9 ’™: 

xviyt - 1 r gi ™ 

, *•** $ 

■ ■ f ,r * " 3 ,J " 1 ,V + “ : » nml . 4 : 4 . 7 ., -a + ; u . 2 05 ■ 

; W .r-‘+ 5- , ^ 

dividing tlnWirst o\imwi. >n 1>\ this n , l n . . 

j. 1 fence the l.c.m. is * " * K tl,e 13 *-* 

[i ■« - 25 ) or (.r- 5 X-f + 5 )(^+ 2 a;- 5 ). 

*r G- ‘Simplify the follow in,- : 

J' T , u "' ,lr, ‘ l,Pur ** -» -r* 7 <- 1 ' 5.r~ 2 i>‘ 

v Tho ooinhmn (leuomiiK.tor will ho theiV u ih. 1 , r 

> >*«, and the fractions become f the tw ° dcnomta * 4 

rA: x- 5 

+ ii* - 5) (x - 6) lx + o) “ (r* V fi)(x ~6)(5+6} 

“(*- 5)(7+6)ti i + StoTty* * 
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* * X + '>y T-2//V-V 
’ An, % j j - \p -(.r i 2y)lx- tty), 

the common (Huonnnutor in r-‘ - 4 y z 


•Hence wo multiply tin* numci.itor of the hint fruition hy r--2y, 
the numerator of tin M'<*nl by r f Jy, ami to the mini aihl the 
numerator o£ the tin ill fr.u linn ; thu* # 

(x~ 2 y) J i ( j r 1 ’Jr/r ■■ Kry 2x 2 • S»y * Hy 3 'Jf j- i 2y)( » J *2//) 

^ *y J •'* »y a (Ji-y)(.» fy) 

'■ -y ' 
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Simplify th<’ following o\pivsMoiiH . 


, x* • 14.f i 13 
x a - Xs G.» ’ 

« X ~‘2n l J(n-' In r) .’to 
* x 4 a 1 ri 2 /■» ‘ ./ n 

K r- a a* » 3*i r x h o 
x ■+ a a 2 - j“ j n 


2 x* • 2r In r 3 ■ llr * ‘20 
' r-- Sx 33 14* 

J / ’ 1>!/ < 1 -*»/■' . <* -'ey < 4y 3 
-i • 'u-y i liy- r 2 , xy 2y a * 

6. *’ " lr l7 . 
j 2 *2& . Hfj 


*■ 7 _L f * - ~ . 

. * x-2 r-;ir + 2 j 2 In 3 

. ft - 3 ft _ a 3^ q j 21 b t/ 1 x - y t ,r* r-y ' 2 1 y* 

■ ' ' ab&'a - ‘2b ~ a* . 4ft 2 * ** y^r 4 1 ^y 3 +y*‘ 

jn Je*-7xy t J2y' 2 iLH + Try- 4y-’ 

4x^ - 1 Ixy - 3y 2 Nx 2 - tixy i y 2 
K, **-ftr‘’Hlr-8 
: x* - 9x' 2 -t 2t>x 24* 



-r*- 2 x 2 y 

~ *“-y* 


X’ 




ry y-\ 2x -y 
*« -W ' x-y' 


isr»" 

^ the i urn of 


t r - jy 
y^t-ry' 


14. 


3** - 14xy + Ifiy* an<1 3x*-'2xy r V; 
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Simplify 

ft 7 < 2 

16, r» x ‘JO V | r 12 » “ Hr 4-1. S' 


17 * 

A '- ,r a 4.e 1 :i r‘ J i : 

4 

>t ir> 1 

:i 

.i* t 4r- 

rV 

1 1 

i 


• 

18. fii-jl 

\ 

iflf. > 



r y 




IQ J “' 

* (r '/)(•' ’-) (v 


■)'<- r 

■)(' -//>’ 

20 !fi " 11 
a 1 //‘ <r- »/* 

1 f " * V 

-M«’- //■ 

» 1 
' " 1 v I 


a. 

i i j i ail »>> 

<» D(i 

r D-i( 

- ! n{. i I)-’ 

i //' 

/r 

2.r {.« * - 

10) 

22 * :la 

a l h a h <t 1 

23. ■" 

.»•»// \ .« 4 v 

!);• ^ 



24. ( r : ) • 

\r - a r ! a > 

» - +■ f< ! 

.»? o j 



25 1 

* ># x(r 1 )(r f i )( »* 

. t 

2) ■’ ( 

1 

*• no 

noVi) 

* (- 

' V 
•** - 

')•(■ 

v'\ v 
r- / 


Simplify ' (L.C.U.] 

28. When r mul y me vm miuiII (1 + .»•)( 1 -f y)~ 1 i .r-l y approxi- 

mately. What is tin* approximate \nlue of MKXix 1 002, and what - 
is thy error 1 [N. U.T.] *' 

29. Simplify 

W^x 8 ?. [L.C.U.] 

80. Simplify * 

w (a) at- + (2y - i) + (jr - 4: : (M 1 f» - C2 3 - 4y + r) - (5 - r) ; 

(<*) 4t-(ar+y)-(5=-2yl ; (rf)3(r-yH2(3z + Js). 

Find the numerical values if r -4o, y = oJ, and z-2. [L.C.U.J 



CHAPTER XV. 

' SIMPLE KVI'ATIONS AND PROBLEMS INVOLVING 
THEM. 

In Part 1 of ilits i «»uim' of woih, in tin < r- uii Algebra, an 
attempt was nude to give sutlnnnt elemental \ mfoimation to 
enable a leader to "oh c a simple «-<|iiati*<ii In addition to this 
it is neeessai y that a practical man should In* able to nolvo 
what a if called simultaneous equation*. 

Before indicating tin* methods by wlmh the solution of a 
given simultaneous equation mav In* obtained, it may lx> 
advnntagixms t<. bi lefty conxidei how tin solutions of simple 
equations, rather more difficult than thom- alieadv studied, may 
be effected. • • 

Simple Equations.— Some methods which may often lx* uaec[ 
ill solving equations have l**en already explained, but no 
general rules <au lw* given which will apply to every ca«iw> It 
is only In pi act nr that the student can hope to deal successfully 
with any ordinary example. Again, it will be found thatfif 
the attempt is made to .solve all equation* by fixed methods or 
rules, much unnwexsarv labour will often lx^ entailed. Thus,* 
in fractional expiations the rule usually given would*be to first 
clear of fractions by using the l.c.m. of the denominators ; but, 
if this is done in all eases the multiplier may 1h* a large number, 
troublesome to use. In such eases it is lwtter, where possible, 
to simplify two or more terms Ixifore proceeding to deal with 
f the remaining part of the equation. 
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M.,. S „!v.»^I S + !^+i + ? te 7 ± 3 =28 } + ^:®£ ' 

Wo may with advantage simplify Ihrde of the given terms, using’ 
21 Mi a multiplier, thus : 

8, <"' 

Multiplying by 100 wo obtain 

H4(ll.r- 13)1 7400r-fl2; »(.«• 7 ; /* ) -57800, 


•r tfJ4.r - 1092 | 7400 r 202.V } 1 3300 -578001 # 

.• r.t> 9 tb 4 fl.vji\ 

•. o \VV'.‘ --s. 

VV hon decimal fractions occur in an equation it is often dcsiralilo 
to clear fractions hy multiphmg both sides of the equation by a* 
suitable jiowct of ten. 


Ex. 2. Soho 1)1.' w- f ■ I ,>?•> - 0S7.W -- 1MX>2 ,m\ 

Wo can clour of fractions by multiplying every term by 100000. 
1 500r f IflTflO S7.>0.r-62«xr, 

Ifl7fl0 7S7tW’. 


Ex. 3. Solve >r ' l H ' -0. 

j I tt k 2h |- r 

Multipljmg all through by (x ha){2!> f x), we get 
(X a)(2h-i r) ) (3ft .r Urwi) 

(.r -I- a) (2ft -fa) ' 

«■> (•*• - «) (2ft )- x) f (.»• f rr)(;i/> - r) 0. 

Multiplying out and collecting terms. 

*{.V>-2a)- ~ah : nh .. 

flft 2a 

Kx.i. .8..1«^;- 7 -?^l- ,V fl 

.) 4 S 6 

Horn the of the denominators is 120. 

24(3x-7) 30(3* -Tl.-lflfflf »)-30(3 *+«Jl. 

Multiplying out and collecting terms, we get 

33*= -63; *=-{}. 



SIMPLE EQUATIONS, f 


bx ax 


,/iJBx. 5. Solve 

First gynovc tho fructioift by multiplying all through by nbx ; 
% • ri ! ■ tt'hr-aWx ~b'\ 

trailBIKJSing, ft V» r rtb'x - - n s - b~, 

changing sign or niultiph ieg b\ I, « 

• t [u- \ h-)ab n" l (Pa 

a- i V 1 

J ah(<r i I?)” ah' 


# FAKKnsKS. XXII 

*Soh* the Hpi.it joiih : 


1. (■*' -M-i 

3. : !o 

- 7 4 7 


(./ 1)(< r.i 3. 

' ' '.I* 


It r 4 


3 r> 


•2< * 3 Ij * t» h‘ 

3' 1 \ 


A f I X 1 I 

4 -o‘h 7 *ia ,A 


±c~: - 

2j :t* * n 
a h <e b 
x - r x > *2f 


6 . * - 


r \ a '2 <ij 


a b a ! b ft 1 IP 
•2# t 1 4 3r 47 

2.1 1 i:i 7 


11 . -tK) 6 r- -m -t 


•00.7 12. Sj* -otl7 -473 4 071 r. 




15.-* - , ‘i 

17.70 .r>*ii2i« I) io:>r . 

-/v €W bj 

m j+6=-4... 

IS l(-75-^>+ JCOiO -i:t ,' s )^ 

• S*-'3 5-r 

et _ “.vi ■ 


i6- ' ^ •* ) 


21. " r *3 «k «• " -A 


22, J^3)+ >(*-«) 

23. 


rt 2" 


jr -Mr -7 *3 ^ f 38 
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8<£ve the equations : 

24 . 5 (j" - 9) + j; (ar - 5) ~ 

?u-c 7) tin- 


26 . .7 :i(4-.r)M(3 2 

<■) - 0. 26. 

V)x 8 x+*2 1 

7 + 

27 . .V 4 JO (2x i 7) t 

> - i:t. 28. 

(r- l)(.r-2)(r 
. (*-»)' 

29 . ( ' | ’* n f \>s 

r. 30. 

1 1 

ul> hr nr 

j - ( t * ./• • h x 

31 . | (2.r - , r )) - *(r 2) 

32 . 

x - h , x - rt 
„ + 1 — ■ 
a - h h - a 


Problems involving simple equations with one unknown 
quantity. When a question or problem is to be soiled, its true 
meaning ought in tin* hist, plan* to ho pel teeth understood, anil 
its conditions exhibited l»y algebiaieal symbols in the clearest 
manner possible. When this has been done the equation can l>e 
written down and the solution obtained. 

Ex. 1. Tlu sum of two mimbeis is KM); S times the greater 
exceeds II times the smaller part hy 2 ; hud the numbers. 

la't x denote the .smaller part. 

Then 100 -■ .r=gieater part, 

and 8 times the gi eater -8(100- r). 

Hence 8(100 0 * 1) m 2, 

or 800 S.-crUr i t ‘?; 


, j=42. 

Also (100 .»•) ., r >8. 

Ueuec the two numhets are .VS and 42. 


k Ex. 2. A post which projects 7 feet above the surface of waiter ia 
found to have J its length in the water and } its length in the raud 
at the bottom ; find Us total length 
Let x denote its length in feet. 

Then ^ is the length in the water. 


“And * is the length in the mud. 

4 

But the length in the mud. the length in the water, together with 
7 » Is equal to the total length 
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Hence ? + ;[ + ? =* *• 1 

o 4 * 

4i^.V i 84~^2 j* ; 

.u S4, or j 16} feel. 

Ex. 3. Two rectangu! w hoards art* nj uul m uiea. The breadth 
of one is IS im he*. ami that ot tin- other 16 m« )i <•< : tin* dillcieitcu 
of their lengths is 1 imht.s Find tin* length of e-uh bund ami their 
common are.# , 

Let r denote the Imi'tli of one Iwwud. 

Then r * 4 mil denote tin- length o| the othei. 

The areas of the two hoards are trsjHUivelv ISr and I6(a*4 4). 
liyt these ut eat* alt et|Ual . 

• . IS j l6(rM), 

of* Is i 16 j 1 (it 

Traiiftposuur, '1j 64. 

t 32. ami .t « 4 36. 

Hence luigth ot one hoard is 3*2 im lies. 

Ami f . other ,, 36 ,, 

Common area Is - 3*2 = 16 • 36 376 Hipi.ire inches. 

Ex. 4. A rectangle is 6 feet long; if it we:e 1 loot uidei its area, 
would Im* 30 sipiate feit Kunl the width. 

Let .r denote the width in feet 

Then n 1 im the width when one foot wider. 

The area is 6 ( > J l ), last the aiv.i is 30 square feet ; 

.. OU ' I) :w. 
or * * 6.i ♦ 6- 30. 

Transposing, ti r 24 ; .. j -4 

In elect! ie«il woik equations are of the utmost mqxirtance. 
As a simple < -me we tn.i\ < otmidcr what is known as Ohm's LtUBT. 
This may Ik* expressed h\ the (spution 

h • 

a ( 1 ) 

where R denotes the resistance of a ein uit in ohiqH, E the 
electromotive force, ami C the current in amperes. Ail ex- 
planation of the law* may Ik* obtained from any book on 
electricity. In (1) ami in all such filiations involving thilto 
terms, when two of the term a are given, the remaining one 
(or unknown quantity) may be found. # 
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i t ' ' 

Ep. 5. 4 battery contains 80 Grove’s cells united in series ; 
a wCre it used to complete the circuit. Find the strength of the 
current, assuming the K.M.F. 'of a Proves cell to be 1*8 volts, the 
resistant® of each cell *3 ohm, and the resistance of the will? 1 6 ohms. 
Here s w k. 30x 1*8 - 54 \olts, ^ 

Resistance 3(1 3 i 10 -25 ohms. 

.. C r ] \ 2*10 amperes, 


HXKRCISKS. XXIII. 

1. An uncle is older than his nephew* by 10 years ; 15 years ago 

the uncle was twice as old as Ins nephew What are their respective 
ages? „ 

2. The difference of the ages of two brothers three years ago was 
t \ the age of the elder, whereas it is now ). What are their ages? 

3. A rectangular court is 20 >ards longer than it is broad, and 
its area is 4524 square \aids Find its length and breadth. 

4. If 3 yards be taken Irom one side of a rectangle whose peri- 
meter is li yards, and added to the othei side, its area will be 
doubled. Find the lengths of the side*; 

5. A house and a garden were bought for £1000; the cost of the 
house was A times that of the garden, find the pi ice given for oacb, 

6. A bath can he tilled by means of ,i tap in 3 minutes, and by u 
second in 5 minutes, .md emptied by a thiid in 7} minutes. If 
when the l>ath is empty all three tarn are opened, how long will it 
take to fill ? 

7. Divide £90 fk 0d. among A , B anu O, so that A may receive 
4 as much as B receives, and (' ' as imieli as A and B together. 

8. Divide £1000 lietween two persons so that one may have £10 
more than half of what the other has. 

v/ 9, The difference of two numbers is 20 and their sum 122 ; find 
the unmhors. 

* 10. Find two numbers such that their difference is 162, and rf r 
of their sum is 162. , ; , ^ 

11. The sum of two numbers is 143, if the ouotient of the ffreate^/^ 

number divided by the difference of the numbers is 7, find the two* / 
numtiers. ‘V' 

. \ 

12. At what time between three and four o’clock do the hands of; 

f watch point exactly in opposite directions ? ■ k) 

13. Divide the number 42 into two parts, such that :{ of one pait 
may be the same as * of the other. 
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¥{L* V I? ,<k ». A win ha '* c twlc* as much as /f. *Tf A 

Si wSit 0 ^' * ™ havo three t,me J ** rauch M A ' What 

!£? two *}"?? V twecn {] ftt “* 7 o'clock w lit ii the hunt!* 

)f a watch aroscpariited liy la minuter 

16. A certain mtiiihr is h*^ that, tin intmlicr obtained bv 

*-w 

17. Each ftf two \ esnels A ami It contains a mixture of wine 

md water, A m the ratio „i 7 to 3. ui,.| Jt the ratio of 3 to I. 

.Uid how many gallons from /: must be put with 5 gallons from A 

it order to give a mixture of w me und water m the ratio of 11 to 4. 

,i*i„ T w " | , ‘ r, " or * l"" ;>■ "f n„ mme 

tfflnber ; wli.'ii I„„, :i!K>. .in, I tW „ t |„. r <«„, , t ,» |„„ m | 
Jhat o*e farmer has jmt tune ax many xh.ep as the other: how 
many sheep had »adi at tiiht v 

19. A father’s age is lour turns that of his dd, i son and live times 
that of his younger m>u \\ hen the eldet so,, has lived to three 
t:mes hi* present ug, , the fntln r« aye will < xeeed twice that of his 
younger son by ll yeat*. \\ h*t the !( g, „| em Id 

; 20. Find a number which, after being multiplied bv 1 will exceed 
60 as much a* it is now slum of 50. 

21. A can do a pnee of wotk m f» day,,. ll m twice that time, 

O can only do j as much work as .1 in one day, how long will A 
ii ADd c, working together, re., tine to do the Mime piece of woik ? 

22. If 4 1j« added to the numerator of a fraction its value is l, 

f»nt if 7 be added to the denominator the \alue ix ! Kind th« 

fraction. 

23. A Darnell*** cell ha* an k.w v of I (».‘| i.d's. and the circuit hi 
completed by a wire whose immtan.-u is Hi ohms What will I* the 
current sent through the wire fuwuiiimg the internal resistance of • 
the coll to be 3 ohms * 

24. A man’s wages an* half a crown 1, x- than fiv* fmns.i bo*’* 
wages. If together they earn £2. 2s. lid. , w hat is the wage of each * 

* IN.U.TJ 

86. When a man's weekly wage was £2. 15k. he muh \ HK per 
Week. His wages wi*re inenas-d by :#• per wnl., f.ut owing to the 
inerttMod cost of living he.had to spend 10 jkc cent, more than 
nofore. By what percentage wet«* h,.s xfi\ mgs »iv ica«<*d ot decreased * 

[N.U.T.j 

86. Divide £445. 18s. Is-tw.^o three persons, .1, li, and C\ so thn* 
U09U Jft) per cent. mon* than V and 25 ja r emit more than f 

(L.C.U.J 



n* lAITKK XVI. 

SIM LILT \NK( H r S I'loXs AM) 1M10BLEMS 

INVOLVING I’ll KM. 

Simultaneous Equations, It’ .m elution eon tains two «»•- 
know n i|iiaHtitir <, denoted l>\ > ami //, tin n l»y giving definite 
viiliios to one of the unknown inutilities, a ronespnndmg , series 
of values ran be oht.mnd for l lit* otlici. 

Ex. I, Solve .‘tr .\v (>. 

Tills means wr rr<|miv to find two iiiiiiiImts sueh that five 

times the siroml suhtt.u I tw{ fi<»in tlutv times the tir.st will give 6. 

By transposition, :>i .">»/ * i> ; giving values 1, U, ;{, cte. to »/, wo 

obtain a eoi respond mir senes of \ allies of x. 

If i/ I. then ,‘i i II; .»• V- 

,V 2 , then Hi III; t . 

Proeeeding in this n.imin, a (able of vidues ein^he arranged as 
follows . 
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cane; comparing tin* two of values so obtained, it w^ll Ik? 
found that « nl v one pair of uiltn-^.f and y will satisfy both 
tM|uati<H{H at on<e, tin* tw% \ hIii**s la-mo ,, 7. ,/ ~ It. 

Equatioiflfcun h ,n f»v U, 

+:V 37, 

whirl) arr sat i"fn*»l b^ thr Mim; values of tin- unknown 
quant it n-s, an- i alii d >• -cu/f-or o«/» 

To find two unknown quantim*. wc fuust have two distinct 
and possible equations 

Ex *2. i./ f :i>/ .uni h< *»v ill 

# Tht#c form two tquatinn*, hut tlu-v .ui- not dislnn t, as thr second 
can 1*^ obtained tiorn tin hrst l>\ multiplv mg b\ 3. 

•Again, 3r oy ♦> and (>< In,/ | *s m- appai outlv mipocsible 
simultaneous equal sons, bei-au-a , I »\ mult iphmg tin- loriuci h> '2, 
thr equation bcoornts ti/ Iny 1J, hut fioni tin second (-•putt ion, 
(hr - lOy 13 Mi ii r Minult. mi oils lahusof t ,md y satiMwng the 
two equations and i orrrH|Kuidniy to tin- tun im • imii of two plotted 
lilies ramiot he found. On plotline tin- lilies on p lot the lines 
are found to 1 h- par.dlrl to •- 1 h otln i 


To solve simultaneous equation-., w«- n-qmie as mam distinct 
and indejx'ndi-nt * qualmns a- tlu-n ,-u < unknowns to In- found, 
t>. if two unknowns )uv»- to ta dd-iniitud, two distinct 
equations are required ; if lhi<<- unknowns, time <quatmns, 
and so on. 

If only one «fpiatioii*eonn*-< tint; two unknown quantities is 
given, although the value «*f ua< h «»f tie unkin wn-. cannot he 
determined, it is jsswible to ohtam th*- iati<> of the quant ities. * 


Ex. 3. 


If a**----/ 4, find tin* ratio of x to y. 

Ax 2y 

. r>r Ay 4 (3 1 *2y I Hr Hy. 

u 

r 4 


y * 


EUmination, — When in the data of a problem thr given 
equations are not only distinct, hut are Miflicicnt in numljer, it te 
possible from these to obtain others, m w hn h one or moiv of the 
unknown quantities do not orrw. The pinery bv which this is 
effected is called dmimtiwi. At the outset it in convenient in 
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a fewjiimple canon, to show Home of the methods which may be 
adopted in dealing with nimuliancous equations containing two 
or more unknown quantities. • # 

Solution of Simultaneous Equations. In the Ciutioii of a 
simultaneous equation containing two unknown quautitW, theta* 
ait! two geiieial melliods liy * liH'h their* allies may be obtained. 
Tlu> first, h by mull q^x ation or division, to mabe t ho co- 
efficients of one of the unknowns the same in the two equations; 
then by addition, or subtraction, we can chmiimte one unknown 
quantity. 'Dus leaves an equation containing only one un- 
known, the value of whnh can be found in the usual manner. 9 
The other method is to hnd the \alue of one unknown in 
terms of the other unknown mi one of the equations, and theft 
t< substitute the value so found in the othei equation 

AV. 4 '.h :u/ <>, (i) 

t* 1 e.v - T7. (ii) 

To apply the .Vm/ nn/hml, nmltipK (i) by and (ii) by a. This 
will make the trims in tj tlie Mime m both equations, and as these 
have opposite signs then sum is /eio. 

t>< i:»v is 

-0» | l.w/ - is”) 

By addition, -Jitr 

Substitute this value in (i> . 

’ -1 % h; 

or «5 my ‘21 0- la; y-3. 

On substituting these values of x and y in the given equations 
th8 equations aie satisfied, thus substituting the values in (i), we 
get 3 x 7 ~ I. 1 ) -6 ; the values obtained should always be substituted J 
to ensure accuracy. 

By the droml method : 

From (i) 3a ~ H 4 f>y ; 

6 e 5y . 


2o:t 
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Substitute tins value in (ti) ; 

24 • 


20y* .. 

4 dy-dj. 


m 


* ■* 3 

Multiply^both sides of the oijimtiun by 3 ; 
or , 21 • 20y * !»»/ III. 

Hence III 2^ - N7 ; 

' •" XI »■ 

Having found the \.di:e of y, tlun by substitution in (i) or (il), 
the value of r im readilv obtained 


# Miscellaneous Examples. A.* tin- solution of simultaneous 
tHju^tioiiK is of tin* utmost nnpoi tuiue. n few iiiiscelluneoUH 
tramples are worked hoi** 


Ex. 5. U.r . 3y 33, (i) 

U/ i‘» (ti) 

Multiplying li| l.y 4, we get 2 hr I2y 132 
,, In) l»y 3, ho get 3<|/- 12// 

By addition n.V 1NU 

Vi* - 3. 

and by substitution m ii), y 

If tin* known i|uanmies a te n-picM-nted l.\ the letter* a, />, 
t y <4 the Holution is etle* ted m tlii" same manner. 

Ex. 6. Solve • tu ‘by -i' (i) 

hr t ny~ <1, (ii) 

Multiplying (i) by h, get nhj j h 7 y _ hr • 

,, (it) by a, we get nh.r ‘ u*y mi 
By subtraction, h l y <ry ~h<- ml 

or y(/> 2 - n l ) - hr ~ mi ; 



To obtain x we tnay either substitute for y, or proceed ^o eliminate 
y from (i) and (ii). 

Thus multiplying (i) by a. d*x *■ «hy.. ax 

„ .1 (ii) by h, h 7 r 4 ahy bd 

Subtracting the upper line from lower, (fr 2 - a 2 )r ~ bd * ac 

‘ hd~ Or 

x ~ 
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Fwnn the preceding examples the student will have aeon that, 
iri solving two simultaneous ftjiuitions, the ohjeet is to determine 
from the two given equations a x .tlu«» C <if one of the unknowns. 
Using the value so obtained we pioeeed to find th^ other. Tlie 
methods which uu\ with advantage he employed in solving 
equations can only he quirhjv seen hv practice. 

The general methods previously explained may^usually he 
employed. 'I'hi* following methods are also made use of when 
more than two unknowns have to he found. 


Ex. 7. Solve 

X 1 // 1 

: 

:*:{ 

(i) 


* > 2y ■ 

3. 

ior> 

(ti) 


r 1 3i/ 

4: 

131 

.(»«) 

Suhtraet (i) from (ii), 

// : 

2. 

32 

(iv) 

,, (i)} fiom {m). 

V < 


•_*.> 

(v) 

Hy Mihtraeting (\ ) tuai 

I (iv 1, 


23 


Suhstitute this value 

tor in (v). 




// ! 

23 

20 ; 


or 

y Li) 

23 

ti. 



Again mih<q it tiling for v and . in u), 

.•m;i 23 : 

a :>:t 20=24. 

Hence the \ aim's arc x ‘31. 

.V <>. 

:--23. 


KXKlU'MKS. XXIV. 


i Solve the equations : 
1. 2.r f oy 23, 

4.r :h/ 7. 

3. 77.r l.w/ r S, 

Hj- (- 21 .V -6 2 . 


2. 3r 2y - 7, 
7 j' 3// •- IS 
4. lh* 

3o.r J 6»/ = 3. 


6 4r 5y 

■ r + b 

5 (i 


18, 


x y 
3 8 


* y_ 

2"3“ 


1 . 
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7. 33x -?■ JKy — 4 ; ,“>.w a, r >y -Hi 

8. Jk ■' * b y> : • I ly T 

9. * U* t 1JI 2 ( v y) ; .‘i« ’ 1 7 v - 



11. 

• 

; ;; ; - 

12. ■ I"*" IS: •',■•.21, 


• 

13. 91 r 1 Hy ir>. 

14. 

« • -V 1 3. h 

2b ;c»y To 


< lit/ 2 t-. 

< • 2 , :t t-/ 

,15. *('* ?>)>•■ <'/ f‘iv i-\ 

16. 

ib h'i (/• At// /• -a, 

(ft - At , |/» A)// 2»fA. 


hi < i / 1 A ft ii/ b 

17, i’V 

18. 

lb IMy 10. 

hr tty - A- 


10/- 1 2y r. < 

19. :if • f\v \\\ 

20. 

, if a • A, 

Oar-- It)// 


/ <r A 



y • b ti 

21. 5nbi <2 y MJA , Vvtht ‘ It/ 

22. if> *0 • (♦■ a 1 y * ’ >t , o 

1 sA 

i < 1 1 

i b /fly A r. 

23, “ i y 1 ; ^ • 2y 1 J 



24. i*-',. 4 

2ft 


25. J(4jc 4 5y) ~20u- yi, J<4 

/ 2y» 

• 2y 

26* * -y- 

27. 

rt /- > Ay /* ; ex - ny-b. 

• 

28. 3r r - 4(y - 1 / - 2br - y 

J) 

• 


Problems involving Simultaneous Equations. -We have 
already found that to a ’umultawou*. equation it is essen- 
tial to have as many independent equations a> there are unknown 
quantities to determine. 

Therefore, in the solution of any problem which produce** 
simultaneous equation, it is necessary in the statement of the 
question that there should U* as many equationa involved as 
there are unknowns to Ixr detei mined. 
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l. If 3 lie added to lip: numerator of a certain fraction, Its 
value will Ik: ami if 1 l>o subtracted* from the denominator, its 
value will he J. What is the fraction? p 

Let x Ik* the numeiator and y tin- denoruiuntor of the fraction. 


Add U to the numerator, tlpn .j* 

Subtract 1 fjom the iFciinimnatot , and 


.'/ 1 6 * 


> d I r I . 

, and ; 

V d y 1 6 


•v f it 

and .'»< y I 

Transposing we get y 3 t !>, 

y <\i - 1. 


<0 

fii) 

(iii) 

(iv> 


Subtracting (tv) fr >m (mi). 'Ir S; . x -4. 

Substituting this value of ,t in (in), . 

V 12 {); .. y -21. 

Hence the fraction h ' 

A’x. 2. A numbei ot two digit*. is equal in value to double the \ 
product of its digits, and also equal to twelve times the exeea* of l' 
the unit’s digit ovci the digit in the ten's place ; find the number. 

If we denote the digits b\ .r and y, amj y denote the digit in tho 
unit’s place, then the number uiaj be icpiesontoif by lOx + y. But 
this is equal to double the product ot tin* digit* ; 

. 10j i y - ±vy (i) 

ffhe excess of the tintt’s digit over the digit in the ten’s place ia* 
f -x> and we air given that 

12(y -x)- 2xy (il) 


Hence lOxty- 12y lir ; 

, 22x Ky or 2x^y (iii) 

Substituting this value in (i) wo get 

5y +-y^i/ a ; 

.• 6y-jr or ys=6; 

x-3. 


anil from (iii), 

Hence the number is 
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Ex. 3. Find two numbers in the ratio of 2 to 3, but whic^aro 
in the ratio of 5 to 7 when 4 is added 4o each. 

Let x and y denote the t»o numWs. 

Then the fllht condition that the two mmdiers are in the ratio of 
2 to 3 is expressed hy x *2 , . 

y " 6| 

- Similarly, the latter condition, that* when 4 is added to each of 
them the t.vlT iiutuIkth are m tin: ratio of 5 7, is expressed by 

.<• 4 f> 

»/ » 4 7 

.V 2y 

7j- t 2S fly *20 or 7# I H- fly. ... 


From (i) 

Flt>m <u> 

^iulfiplying (iii) by 5 
„ (n » by 2 
Subtracting, 


• • O'i) 
.. («i) 

....(iv) 


and vie obtain 


ir>.r • lOy 
Mr 1 Ifi lOy 

r 10 0 
x - 16 


From (iii) y ~ lx. 24. 

Hence the two minds t> are HI and 24. 


The unknown quantities to Is* found from a Mimiltuneoua 
equation are not necesMiilv expressed as r and //. It is fre- 
quently much more convenient to uHootliei letters. Thus pn^urfi, 
volume, and temj/ertttorr may lie denoted by p, r, ami t resjiec- 
tively. 

Also, effort and renixUnu'o may Ik: indicated by the letter's R 

and R. • • 

It will lie obvious that letters consistently used in thisnuinrior 
at oru'e suggest, by mere. ms|»ertion. the quantities L<» which m 
they refer. 

Some Applications. — It is often necessary to express tho 
relation between two variable quantities by mean* of a formula, 
or equation. The method* by which such variable quantities 
unplatted and the law obtained are explained on p. 1 45, but prac- 
tice in solving a simultaneous equation in necessary lyfore any 
such law can lie determined. 


Ex. 4. The law of a machine is given by 

R=aE+b, .(i) 

and It la found that when R is 40, E is 10, and when R i* 220, 
EkM; 6ud«andh. 
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f^lbstituting tho given values in (i) we get 

23b^50« + ft (ii) 

40- Kirn f. (iii) 

Subtracting, ISO 40a * 

■ " Y»° -4 5. 

•Siilmtituting t Iii*4 value in^iii), * 

4 40 10-4-r»--fl. 

Hence the roquuod law is A* 4 5 


KXKRCISKS XXV. 

• 

1. If ‘2 hr added to tin* numei.itor ;uitl denominator of a certain 
fraction its value will he 4* and it *2 he «ubti acted from numerator 
and denominator its value is \ ; what is the fraction? 

2. Find tnree numbers such that t!ie product of tlie tirst and 
the sum of the second and thud is I.VJ; the product of the second 
and the sum of the hist and thud is lli‘2 ; and (lie product of the 
third mid the sm.i of the timt and second is 170. 

3. The area of a certain rectangle is equal to the area of a square 
whose side* is three inches lougci than one of the sides of the rect- 
angle If the hicudth of the lectangle hi* deci eased hy one ineh, 
and its length mereased by two liuhes, the area is unaltered ; find 
the lengths of the sides, 

4. Of two sijuaivs of earpet. one measures 44 feet more round 

than the other, and 1ST squaie feet more in area ; what arc their 
sizes ? • « 

5. Theie are two coins such that lo of the first, and 14 of the 
second, have the same value as .V» of the tiisf and (i of the second ; 

* what is the ratio of the value of the fiist. coin to that of the second? 

*6. If y “> find the ratio of x to y. 

« 7. The volume of the tirst of two evlinders is to that of the 
second as II : S, and the height of the first is to that of the second 
as 3:4; if the lia.se of the tit st has an area of 10\) square feet, whafe 
is the area of the second ? € 

8, Th*o first of two pictures is 1 ft. 6 in. by ‘2 ft,, the second 2 ft. 
by ‘2 ft. 6 in. ; they are to lie framed in the same way. If the glass 
and frame of the former cost 7». fid., and that of the latter lls. 2d., 
Mat is the price of the glass per square foot, and of the frame per 

, foot of its length ? 

9. If the first of two numbers diminished by the reciprocal of tho 
second equals the second number diminished by the reciprocal of the 
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first, show that either the numbers are equal or the one is the recip- 
rocal of the other. 9 

10. A farmer has to pay la tvs amounting to Is (hi. on acre, hut 
an allowance <1% 10 per cent off Ium tent amounts to t\ r > more than the 
rates. If the rates amounieil to 2s. fid, an acre they would just, ho 
met hy an allowance of la jier cent. off the rent ; find the number of 
acres in the farm and the t<^ul rent # 

11. If jc t Ji - 1 1 : 15; find what values of x and y satisfy the 

equation 5r t T y 32. • 

12. The cireumteiencr of the huge wheel of a carriage is 3J tunes 
that of the small w heel : the smaller w heel makes 10 turns more than 
the large wheel in running 21 yards ; find the circumference of each 
wlrel. 

\Z, At present /J's age is to A’s m the ratio of \ to 3; hut fifteen 
years ago it was in the ratio of 3 to 2 ; find t licit ages, 

14. A number of two digits is equal to double the pioduet of its 
digits, and also equal to four times their sum ; hud the number. 

15. Kind a fraction in w hu h the denominator exceeds the nume- 
rator by 3, and is equal to t when 2 is added to the denominator. 

16. T ho law of a machine is given by K nit t (' ; it is found that 

when fl 10 E is 5*4(5. and w lien It is 100 E is (t 0 -, find a and l>. 

17. A mtmlier consisting of two digits Incomes 110 when Ihe 

llUtnlKT ohlained by reversing the digits is added to it ; also the 
first numlier execsL umt\ hv H times the excess of the second 
number nvei «.m ; what is the numliei ? . 

18. £1000 is divided between .1, /(, (’, and !). li gets half as 

much as .1 ; the excess of (1 ’s share over slime is equal to one- 

third of /1 ’h slian^ and >WV s shate wire increased hy C I0*> he would 
have as much as (’and l> have Ixrtwoen tin in ; find how miieli each 
gets. 

19- The law of a machine is given by E nit i b. When E is 4*2 
R in 10, and when E is 7 34 li is 20 ; find a and h. 


Summary. 

Simultaneous Equations. -In an equation which contains two un- 
known Quantities r and y an indefinite mmilter of pairs of values 
may be found which will salisfv the equation : but if a sesond inde- 
pendent equation lie given, only one pair cun lie found which will 
simultaneously satisfy both equations. 
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CHAPTER XVII 

USE OF SQUARED RARER : PLOTTING EQUATION OF A 
UNK. PLOTTINO A CURVE. 

Use of Squared Paper. Two quantities, the results of a 
numlier of oUhoi \ ations or expcnmente, winch are wo related 
that any alteration in one pioduces a corresponding change in 
the other, can he best i ('presented by a graphic method, in 
which it is possible to as* ci tain In inspection the relation that one 
\ariable quantity bears to 
the other. 

• Forties purpose squared 
-or |3iij>or having 
equi distant vertical and 
horizontal lines T V> ( t 
1 mm., ete., apart — is em- 
ployed ; these cover the 
surface of the paper with 
little squares (Fig. 66). 
Commencing at the low- 
* est left-hand corner of the v 
papier, the lowest hori- 
zontal line may be taken 
as one axis, or line of ." 5 
reference, and tho vertical line nearest the left edge of the pape^' 
w the other axis. 4 





USE OF SQUARED PAPBjt. * \l4l 

• ** 

The two lines or and oy at right angles ai*e called axes. Cho 

horizontal line ox is called the axis qf abscissae ; or/ is the axis 

of ordin%)568. • 

One or m< i\ aides of the squares, measured along (he line oi, 
ia taken as the unit of measurement. in one sot of the observa- 
tions ; and, in a similai wu, one or more sides of the squares 
bordered by the line >y isVihcn as tin* unit of the other set of 
observations? • 

Then for any pair of obsen.itmns two points me obtained, 
one on o.r and the other on <>y 

Tf a vertical line is drawn upon the squared pa|ier, from the 
pofht on o.r, and a horizontal line from the point on ny,*th« 
twy liiTe.s intellect, and In dealing with a number of pans of 
observations a senes of points may be obtained upon tin* squared 
pajier ; these an* usually matked with a small uoks or circle, 
and may lie joined In a light line. 

The line so diawn connecting the jsunls may form a fairly 
uniform curve ; but if, as is often the ease, the line is irregular 
and broken, a unifnnn nun-. lying evenly among the jx»ints f 
should 1 h> drawn (this may be done by bending a thin piece 
of wood). The curve so drawn represents the average value of 
the results, and serves to iherk errors of nloci vation. 

In the ease of e\|>eriniental results, the points are anangi'd 
where possible to be as licit Iv as possible on a straight line. 
When the results aie plotted as desaihed the line which most 
nearly agrees with the results may be obtained bv using a piece 
of black thread This thread is si replied and placed on the 
paper, moved about as required until a go<*d average jsisitioii 
lying most evenly among the |xunts is obtained. * 

A better plan is to use a strip of celluloid <>n which a 
line has been drawn, the transparency of the striped lowing tho 
points underneath it to Is- clearly seen. When the js*sition of 
the line ia determined, two j stints are maiked at its extremities, 
end the line ia inserted lr? using a st might edge or tht wig© of 
ft eot square. 

It should be carefully noted that the w-ord rurrr is often used 
to denote any li nr, whrthrr utraiyht or rwrm/, representing the 
delation between two quantities. 

The advantage due to this method is tibvioiw ; although from , 
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a action of numliers an average value may he obtained by the 
ordftmry arithmetical methyls, anv gradual change, and more 
especially the relation of the <-lian£- to the result, js either- 
disregarded or mav m>t lie noticed. # 

The following examples will ser ve to illustrate the methods 
used • 

I < 

Ex. I. To awer fa ui, without calculation, the it umber 4/' centimetre# 
in n tjivt n 11 mn In r of no to 1 ; or coni'fi it hj, tin number of inches in a 
girtn number of’ centum fin 

From p. Hilt we may obtain the following list . 

I in his ] (\ iitimHu h 

1 ! -2-:>t | 

2 I :h»h i 

-’l : « » | 

sso 1 


Use the vertical a\H t)I' to denote inches and the horizontal 
axis OX to denote centimetres (Fig. 67). We read ofT2'54 on the 



horizontal axis and 1 on the vertical, so obtaining point a. The 
paint b is the intersection of the two lines denoting 5*08 horizontal 
and 2 vertical 
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In a similar manner points r and d are obtained ; a fine line dray n 
evenly through the {mints enables any intermediate value to 4>e 
obtained. • 

•. * 

Tlie equivalent value in eenlimeties of any given iuimls*r 
of ini dies, or eonverseh, the equivalent in inches of any given 
numlier of tentnmties, <an be found by inspection by moans 
of a cut ve, oi line, of tln>f hind. In*a Hinnlai manner, if the 
divisions on tlfe \ci tical or the hot i/onla) a«H aie made to denoty 
square inches and those along the otliei avis .square eentunetres 
the convei'sion from one to the othei is moldy made. The 
relation between pounds and kilograms emi lie obtained m a 
similar manner. 


Equation of a Lino. In tie pmeding example, tbe |K>sition 
of a point a is amu tamed if we pioeeed along tbe liori/.ontal 
axis a distance equal to 2 5 l units, and a distance of one unit 
paiiillel to tie: veitnal axis. 

'Pile veituvil distance is railed tie* y mold male. and tho 
horizontal distance tie* r < o-oidmate of (lie point. 

In a similar nunnei tie* eo-m dilutes of another point h are 
4r^5 ()8,y -2. 

When, as in tie* pm edmg example, tbe lelatmn lH*iween the 
two variables can be Mpiesented bv a straight line, we can 
obtain what, is called the *‘<fit<t(nw <>/ 1 /,< Into 

The equation of the line is of the form 

• • 1/ tir + b (i) 

wlims ft anil b aie constants. Then, if in (i) simultaneous values 
of x and t/ are inseit si, the values of n and b can he found. 

Thus, when y 1 , ./-2f>l, 

also when y - *2, .r 51)8 

Substituting these vain *s in (i) we obtain 


By subtraction 


2 a x r,‘0H + h (ii) 

1 yi v 2 54 4 b (iii) 

1 it x 2'. r ) f • 


Also substituting this value for a in (ii) or (iii) we find 6* 0. 
-s Hence the equation of the line i*y»‘3ihr. 



144 f ' WORKSHOP MATHEMATICS, 

Conversely, whenever the equation of a line is given in the form 

* d y—ax+b (ii) 

by giving to x the values 1, 2, 3..., corresponding values of y 
aro obtained which may lie plotted and the line obtained. 

Plotting a Line.— In a similar manner to that of the last 
examples, from a series of values of any two quantities which 
vary dependency with each other, we*ure able, m many cases, by 
plotting on squared pajHT, to obtain the line vvh'ioh lios most 
evenly among the points. The line so drawn will correct errors 
of data, or observation. Having obtained the line, we may pro- 
ceed to find its equation. When the line and its equation have 
Immui found, then for any given value of one variable, the eowe- 
spotuling value of the other can either be obtained from ',he line 
by inspection, or from tin* equation bv ( .ilcul.it ion. 

Conversely, given the equation of a line, then by assuming a 
series of values for one variable, it is easy, by calculation, to find 
the corresponding values of the other, and to plot it. Exercises 
of this kind give clear notions as to the. exact moaning of the 
two constants u and h in the equation y—o.r + h. 

It is advisable at the outset to assume definite numerical 
values for o ami b , and to plot the line. When this has been 
done the constants should he altered and the line again plotted, . 
it will he found that the elope or inclination of the line depends 
on the term n, the (mint at which the line, or line produced, 1 ;; 
cuts the axis of y on the term b. ^ t 

The two variables are not necessarily indicated by the letters 
x and y, in many eases other letters mav he used with advan* 
tage. Thus the forces applied to a machine called the effort and 
the resistance may Ik* denoted by the letters A* and Ii. ' 

As li alters in value. E , which dejiemls on Ii , also alters, and 
the “ Law of^the machine," ns it h called, may Ik* written in the 
form E~~<tli+b. 

Ex. 2. Let y -■= x 4- 2 be a given equation. 

When* x-0, y- 2; x- 1, y -.T; .r-2, y~4. 

Corresponding values of x and y may be tabulated in two columns*, . 
thus: 


| Wallies of x 

0 i 1 1 2 ! 

3 | 4 | 3 | 6 j 

| Values of y 

2 . 3 j 4 i 

5 | 6 1 7 j 8 j 
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When x=0, y=2; hence, as in Fig. 68, this gives one poi*t in 
the line. When x — 1 , y ~3 ; make a f mull dot or cross at. the point 
•of interaction of the line* l and 3. Again, when X- ‘2, y- 4; ut 
the intersection of the lines through '1 and 4, make a cro^P <»r dot. 
Proceeding in this manner, any number of point* lying on the line 
are obtained, and the points joined by a tine hue 

Conversely, assuming # thut the fine ivpiesenl" a scries of 
plotter 1 results of two vari- • 

able* K and /(. To find the y 
law connecting the tw r o it is 
only necessary to substitute 
iiF the equation fC--uIt + b. 
thp Simultaneous known 0 
values of two points m tin* 5 
line; tbin will give two 4 
equations from which >i ami 3 
b can Is determined a*. in g 
the previous example , 

Let the \ alues along qy 
represent values of /;, and 0 12343678 X 

those along o.F values of U \ F 10 -IMHuk lino*. 


from the line (Fig. (in) 

when K is 3, It is 1, 
when 1C is n, It is f>\ 

Substituting thm* v!flm*s in the equation ; 

3 o x I +f> (i) 

K - n X 6 + h (ii) # 



Subtracting h~t V t o - 1. # 

Hence from (i) h-‘A~] 2. 

Substituting these values for </ and /*. the icquifed eq nationals 

AWf + 2 


4 It will be noticed that £ho value of th«* t< tm t> gives tl»c? point 
In the axis of y from which the line is drawn. Hy altering the 
value of h , the term a remaining constant a series of jwrallel 
lines are obtained. Thus, let h^(\ then the equation Incomes 
when y*0 t and the result obtained by plotting 
value%of x and corresponding values of y is a hue jiarallel to the 
' preceding, but passing through the ortgiu. , 
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Again, lot b--~2 wlton ./• <), // - 2, and wo obtain a 

lino |Minillol to t lit- pieeedmg, liitemeetihg tho axis of // at a 
distame or -J units below tho oiigm tin* equation- is now 
y- / Tho thro.- linos ai - shown m Kig. dx. 

When thi' form f> ioniums un< hanged, hut tin magnitude of 
o is altorod, l lion svhon plotvd a senes of linos aro obtained, all 
drawn from tho sumo jiomt, but oath at a dilleieiq, inclination 
to tin* axis of , , in hot toj , tho slope of oat h lino is diH'ercnt from 
that of tin 1 1 st 

It in the equation y m a I, b J, tin 1 o<|iiatiou becomes 
// u-f-:t,aud tlm into (i) t Kio us) is obt.iinotl. When u ~ 0 , then 
y ti ; tho lino wln n plotted is |i,irallol to tho ,t\is of aiul 
moot s tho a \ is of // at a point 'i unit s abo\ o tho oi igm 

let i/ I, tho o(|uatn»n bomnios >j 1/ i-g, proceeding as in 
previous example! the lino mav leadih ho obtained. Other 
values of tho constants should ho assumed and tho linos drawn. 



ko % no tar too woo noo 'too woo moo 


Value. j of N 

Fu, 


la the preceding examples it has„been possible to draw a 
straight fine through the plotted points, and to obtain an equa- 
tion connect im; the two variables. When, however, the plotted 
points lie on a curve, it would tie dillieult, if not impossible, to 
express the relation between the two variables by means of a law 
or an equation. In such eases a st might line may oftenjie ob* 
tained by plotting one of* the variables, and instead of the other, 
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(juautitif*# derivable* fi«»m it. The hyonthnu \ the rt?i[>ro<fyg % or 
the .vjuare*, etc } of th e went humIh+* 

Thu fit N\hen .in ml is jessed lound a lived rvlindei and a fnree 
X is applet at one end ami a tone M at tin* othei? the ami 
remains .it n*>t not only when A is njiinl to 1/ but also when X 
is mi'ivasrd If tin* immense m 4 V*is made viadiulK a vdue is 
obtained a^ w In. h iln* ioid pat bei'ira to slip on tin* < vlinder. 
Tim amount bi whnli X must !«• oiralM tliau lAwhen slipping 
iktuis U t full I \ found b\ e\pn iment. and d« ponds not only oil 
tile sin faces in eonta<t.but abo on the tiaitmnal pait of tlio 



Ex. 3. Denoting by » tin* fractiomd ji.nl of the cimimferenoe of 
a cylinder embraced bv a and. then the following table tfive* a 
aerie* of values of n and cum s|Ninding valms of X. bind the 
relation between w and X. 
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W$*n simultaneous values of w and X are plotted, a curve lying 
evenly among the points (Fig. £9) can he found ; hut by plotting n 
and log A T (Fig 70) tin* points lie upproxi nately on n straight line. , 
The rclntim between >/ ami log X may he exptossed m /he form 
M *t log X + h. 

To timl the mmierie.vl \ abuts of the oojistuutH n and h it is only 
necessary for two points on the line to substitute simultaneous 
values of a and log A”, l lms obtaining two equations tiom wdiich 
(i and h ran lx* obtained 

Thus at r (Fig. 70). n 1. log A' *2 At. 
am) at if, a 2ti, log X - d 2S. 

Hence 2 (> - u d 2X i h , . t : ) 

i fi * 'j;d • // r.. (ii) 

By suht ruction, 1 ti n • 74 



And substituting tin's value for u in (i) we have 
h 2 ti 2 1112 d"2K 4 t ( t 

Hence tin* telation between the vai lables m expressed by . 


n ‘2 1 ti2 log X - 4 '49. 



Dtriictluns 
Fio. TI. 


h’x, 4. The depths if, and deflections 5 when loaded, of a series 
of teams of varying depths and constant breadths are given 1ft 
the annexed table. Find ihe evolution connecting d and 5. 
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- 


ivjr* r, 

v~ 

2f> 


1 i • \ 




i' 

02 j 023 

i _ 1 

00 | lis 

27 

03? 

t 

't 1 . 

! i 

1 1 | 3 37 

1 

in*! s 

e 

i ! 

ISO | 

01 


When tin* variables d ,md 5 are plotted a ciihc is obtained, Imt 
by plotting 3 ami ^ t .i **t i ai^lit line. lying evenly among the points, 
can Ih* drawn a* in Fig 71 The Inn* pusses tluough tin; origin, 
aud equation may lx- vw it ten <*> u 

From Fig 71 us <, a ‘JT» ami 17. 

Hence ‘Jo a 17 ; u 0117. 

The relation is theicfmc o 0117 , 
d‘ 

Ex. f». Tin- following table given a sermf. til values of the 
breadths h ami deflections 3 »if a set us of beams of toimtant depth# 
anil variable breadths; liml the equation eonneeting blind 3. 


6 

1 \ ' * 

025 

7 | 1 

3 

■ 

L i 

\ Ai ! 017 on 

1 ! i 

nil 

non i 007 

i 

l - , 

1 

! b ] 

•4 ! 2 07 ‘ 2 

!' _ ! 

1 0 

1 13 j i : 

i 


If the Hirst two columns are plotted the punts In- on a curve, but by 
plotting the second and last columns 3 ami J < Fig. 72), a straight fine 
through the points and jMuwdng through the origin may be drawn. 

At the point c, 5 - '024 and ! -- 3 *2. Substituting these* values Ut 
1 1 

the equation 5— a x^, the relation between the variable* i* found to 

be a=- 007 x J. 

h 

Simultaneous Equations.-Two "eneml methods of solving 
simultaneous equations have been descrilxd on p. 132 ; another, 
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whiefe may bo called a graphical method, is furnished by using 
squared papei. The methodjappl ied to the solution of a simul- 



taneous equation containing two unkuwwn quantities, consists 
in plotting the two lines jji \ vn l>\ the two equations. When 
• this is done the point ot mteise. tn.n of the two lines is 
obtained. ’Phis is a point common to both* lines, and as the 
coordinates of the point obviously satisfy both equations, it 

is the solution required. 

• 

AV. 1. Solve the simultaneous equations 

(i)3r*4y=l8. (h) It* 2//=. 2. 
e. n 18 -3/ 

From (i) v~ (in) 

4 

From (ii) y - l lx 1 (iv) 

To plot the lines it is sufficient to obtain two points in each and 
join the points by straight lines. 

In (iii) when .r--0, y-4“5 and when a— 5, y-*75, the first gives 
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point a (Fig. 7.^>. the seeond point b. Join a and b and tin*, lino 
corresponding to Kip (in) is ohtaun^I. * 
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In F/<j (iv)uhen r I. y 1 and win 11 .* 3. y d. the first give* 
point r, the second gives //, Join < .uid > / and the two linos uro 
seen to cross at/. This point of intrrsution is a point common to 
1»oth linos, its co oi d unites .no hoi u to lie 1. *2, 1/ 3 and those 
values satisfy the given simultaneous eij nations. 

Ex. If. Plot the two lines given bj 

4 c ^3y 37, and (»x * 4 dy 13, 
and show that the two lines aie parallel to e.u h other. 


KXKRCHKS. XXVI. 

I 4 , (iraph y — ax i b (i) when b 0, </ 1, <ii| b. 1, <*“ 14 , # 

(111) b - I a - 2 2d, 1 1 v j /* -# *1,0-1 T». # 

2. Tho following oWtved values of E and R are supposed to lie 
related by a lineal* law of the form E - n R 1 h Kind by plotting the 
given values of E and It the most probable values of o and b. 


H) 
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E 

1 u it; 

; < 

| 13 71 17% 

T " 

: ii 4i; ; 2t;7i 

30 96, 

1 

A* 

i' 

: 28 

1 

i k at; 

70 84 

1 ± 

' 98 

* 

i 1 7 

f 

: 2 ; 37 

17. : . 7 

i 

6 50 

1 A' 

i 

1 

i L’ .%*; 

70 M 

98 


(iv) 


E 

M" 

1 12.5 

1 375 

175 

! 2 ota 

2 087 

It 14 

j 

28 

t*j : 

‘H» i 

70 

8-1 

112 


(v) 


1 


— 

A’ 1 5 

5 25 <> 0 «; 75 7 5 S 2:5 9 0 |t» 75 10 5 j 12 0; 13 5 j 15D 

165 


, , | ’ “W # | • ; j - - — 


A ' 0 J 

7 14 j 21 t 28 3.5 | 42 j 19 % , TO j 84 j 98 

112 


(*i) 


*K 

« 

U 

7 07 

1 

8 

y% 

10 

10 98 

T " 

12 

13-93 

J*j 

1% 

j • 1 

13# 

150 ! 

I 

171 i 

195 

1 

* 1 

238 

! 261 

305 

; 


3. In the following examples a series of observed values of S t R 
and F are given. In each case they are known to follow laws 
approximately represented by L’~aE + b, F^cft+d; but there are 
errors of observation. Plot the given values on squared paper, and 
determine iu each case the most probable values of a, b, c and A 
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(I) 






• 1 - -- 

- 



• 3 6 

• 

r. , 67*f 

. 1 

8-25 ; 0 76 I 115 

13 25 

14 5 

R 

14 

28 42 

fit; ! 70 | 84 

'■ • . . _l. .. 

* 

112 

!Ti 
1 .... 1 

. 

‘ 2 ill* 

l ' 

3 83 5 00 

; 5 92 ; 0 8.3,| 8 00 

9 17 

9-83 


. 8 ? 


; »l, 

•K 1 5 

1 

1 5 

2 

2 5 

3 

1 

i 3 5 

4 


15 

28 

10 

52 

01 

76 

88 

F 1' 32 

l. 

1 r '~ 

80 

104 

128 

102 

. 170 

1 

200 


(Hi) 









K 

325 

4 25 


r , r 

5/5 

i 

0 75 7 5 

H 5 

9 25 

10 



• 

. „ 

I 




-I 

ft ! 

14 

21 

j 28 , 

36 j 

i 

j 42 49 

56 

03 

7 “ J 

F ! 

2 68 

3 39 

j 3 '80 . 

- 

4 32 , 

, 5 04 ! 5 5 

6 22 

i 

j 6 68 

714 




1 


i 



! a_J 




E 

•5 

1 

j 1*3 

) 

«*> 

“ 

2 5 

3 

3 5 

« 1 

4 5 

ft 

96 

; 

28-5 

j 38 

51 

64 5 

77 

89 

100 5 ! 

J. 

m 

F 

36 2 

i 

1 47 8 

1 

j 

| 

916 

U3 5j 

! ; 

137 

160-3 

184-8; 

l 1 

209 
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V 

K 

3 0 | 3 62 

‘ i ‘ 


< 

5 0 6 25 . 6 Mr 

7.H7 80 

d o ! joo 

« 

12-5 ' 

It 

14 ! 21 

28 

;r» 42 49 

M 

<55 

70 : 

84 

112 , 

r 

1 2 it , 2 75 

1 . ■ _ 

3 

5 51 15 4 15 

5 U i 

5 57 

IW«, 

(>5 



7 *3 , 


(vi) 


9u 



51 

47 j 40 41 

00 

75 1 

78 8.5 87 I 03 1 $7 

, . 1 


7 

0 ; It 12 

13 

11 ! 

15 111 17 18 ’ 19 

; 20 

I 

F 

042 

112! 1 50 lt»l 

170 1 

175 

1 

178 iso 104 ; 20S • 21 

1 

i 22 

(vii) 






K 

1 25 

1 75 2 73 3 23 

1 25 ' 

1 75 

5 23 1 5- 73 | 6 23 I 6 48 

C 73 

Jl 

4 17 

j 4 12 7 13, S 11 

11 11 

12 17 

13*2 IftO^'lfi 4<»;i7 08 

: 1 1 ! 

17 73 

F 

112 

! 174 23 \ 277 

1 

51 0 

I 

508 

303 450 154 ! 484 . 

1 j : | 

•606 


4 (viii) 


E 

! ’875 

t’375 

1 875 

2 375 

2’874 3 37 

3 87 

4-37 | 4'87 

R 

92 

j 

23 D 

37 5 

31 5 

65 5 ! 79 5 

1 

94-0 

107 j 122 

F 

j 63’8 

66D ; 

97 5 

119 5 

1415 [ 163 5 

185 

\ m \ m 

1 i. 
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1 Find the relation between n and log X from the values s^ven 
in the annexed table. • 


)% 1 j ] 

n 25 j 5 ; 75 j 1 0 1 25 | 

1 5 1 7f« 

2 0 

2 2!? 1 2 5' 

: ! ' 1 

4 V % 122 150 '' IS'. 215 , 

• 

305 355 

43;. 

515 , 62T. 

. "f . V 

r~ 


1 | 

lx.g A T 1 982 2 080 2170 1 2 aw 2 32 

l_ _ 1 1 

2 135 2 .V»l 

2 635) 

2 712 2 75)6 ! 

1 1 


5. fcn (he following tables a relies of o!»ser\ed values of n and N 
ard given ; find the relation between u and log X. 

(») __ 

f " , ' ‘ " " ' . . . - - j . . 

! « | » :> To i 1 1 25 i 5 i vr. ; 2 2 ar> , 2 5 2 75 

j N i| 154 ISO j 2<;o .(To IS'. 635 .W 1135 1535 1835 2435 


(H) 


tt | 

25 ! 5 1 75 

1 

! 

1 25 , 1 * 

. 1 75 

2 0 

1 

--- • f * 


1 



A' j, 

145 1K6 235 

290 

3*5 j 49 : 

1 

558 

i 0H3 

i) 





i 

i 440 

445 470 

4*0 

505 i 

515 

I 

530 

j 3 14 

j 2 82 2 54 

4*25 

1 87 

157 

125 


6.54 


If in (i) M = 80 , in (ii) M ~ 135, (in) M = 610, find in each case the 

y 

relation between n and log 1 ^. 
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6. In the annexed table, values of L , the length of a liquid 
column, and /', its time of vibration, are given. The relation 
between L and 7 ,J is given ny L-fiT^lb ; find ft and b. 


, ;| 2, 

" 

2 8 

:5u ! 

3 2 

— — i - 

34 

3 « 

T ! j 1 Mi 

1 j 

1*2.5 

1 2b 

i 

l ;t» 


1 42 

7- 112 

| l r>i 

l Mi 1 7b 

1 bO 

2 02 


n 

Plotting a Curve. When ,m equation connecting f two 
variables is given, then it has been seen that by giving to one 
of the vuiiable.s a senes of values, nu lesjioiuling values of the 
other ean *ie obtained 

A'j\ I. To graph, or plot a curve, the equation of which is 4y-:c a ; 

. V ■'* 0 .( 1 ) 

By giving a series .»f values to a. 1, ‘J, 3, He., we can obtain from 
Kq. (i) corresponding values <*t ;/. 

Thus, when .r 0. >/ 0, 

Also w hen .r - 1 , y j * 

It will be convenient to ai range the two sets of values of x and y 
As follows : * 



As y is 0 when x is 0, the curve jhwscs through the origin for 
point of intersection of the axes), plotting the values of x and if ' 
from the two columns, as shown in Fig. 74, a series of points w* 
obtained. . ' 

A curve can be drawn through the plotted points either freehand 
or by bending a thin slip of wood. 

It is sometimes difficult to draw a fairly uniform curve through 
plotted points, but tfhfcu a curve has been drawn improvements . 
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mfty be made, or fault* detected, by simply holding the paper *n 
which the curve is drawn at the level of*the eve, and looking nloflg 
the curve, % Some such nimplddeviofi should always l>e used. 

The curve plotted is «>f the form ,»/ and is known t»> Iks a 

parabola. 

As the square of either a positive />r a negative number is 
necessarily p<gitive, it follows that two values of .r, equal in 
magnitude but opposite in sign, correspond to each value found 
for v. By using positive values of .r, the emve shown oil the 
right of the line ou is obtained The negative values give the 
cor res| wauling curve on the left 

'I^e constant a has bem assumed to lie jwisitive, and equal to J. 

If the constant <i l«> negative, its nmueiieal value remaining 
the same, then the equation betonies >t J.r- ; this when 
plotted will be found to be unotlnu paials da below the axis of x 



The *pare deacril>ed by a Is sly moving with uniform accelera- 
tion / is known to lie given by the equation *** | ft 1 . 

Hx. 2. Plot the curvd *--4/1’: (a) asMimiug/- 4*4, {h)j~ 4 8-, 
(<) ±32 (value* of t can lie set oif along ox, and corresponding 

values of * along oy). * 
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£x, 4. Plot the curve jt 3 ry- ‘20. 

First transpose and get y'V- *20 x 1 ; 

’ >J - ■ V'JO ' .f p (i) 

Putting in (i) r 0, 1, *2, etc , coi responding values of y can be 
obtained. 

Thu* let * 1, then y S n *20 1 - i v/ltl • 4 3ti, 

*2, ,, c y • M’O I *4 

Proceeding in tins inannei tl»e nuiiilieis m the following table are 
obtained. • 


(1) 1 .r ! 0 I 1 *J :i 4 I 47 j * 

! ; ■ v ! . 

, I ! 

| C-) >i i i: i :?<; i :t :i2 *2 0 • 

As the M|unie of a quantity, whether the quantity be negative or 
positive, is necessarily positive, it follows that corns jiond mg to each 
value of r theie -lie two \. dues foi y, equal in magnitude, but opposite 
m sign. Thus when a g, y , 4 and y- 4. 



In a similar manner, whether r- { gor - o, ite square will be +4; 
thus the nundiers in the rows fl) and ig) are to be taken as both 
positive and negative, i.e , values of x are set off both along OA 
And along QA\ and corresponding values of y are set off liotb above 
and below the line A* A. 
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Again, when ar 0, y 4 '47, ami when y 0, «r 4 *47; andarthe 
maximum values of Inith x ami y at c 0 equal, each lioing the nutfns 
\*{ the oit ole (Fig 7’>/. 'I hug, the eut\e panning through the plotted 
|x>intft isTonm^to lie h ui«I<\ u-iitn <>, ludnis l 17 

Ex. 4. Plot the i'll! \e ^ I. 

* « ‘ 4 V :t . 

Ah in the last example, .i t ihle gi\ mg em tesponding \ allies of x ami 
y euifl*« made, Ka» h due of i and y lieing pHtiu- ami negative, 
the curve alien plotted a ill 1" found to In- an ellipse 

Another inipmtant em\e i> the rectangular hyperbola; its 
equation is of tin I * • i m > >/ ■, winter is a constant. 

lift the equation he nj S ; 

(') 


From (i). when /• is 1. </ s Wlon < is 1, y hi: when cm 
" wl<K h or, in <*tln i woids, as tin* \ aim* ot / is diminished, 
the rom M|M»inlino \alue of >, is im leased 

it will he seen that when / n, y <>i is infinite in value. 

In other words, the nmr gets neaiej and neaiei to the line oy 
as the value of j is diminished, hut do»> not n a< h the axis at 
any finite distant* fioi* the oiigm This i> i>\pivHh<*d hv the 
Hyndmih // - x when ./’-•> 

As equation (i) can he wntten > , it follows, as hefoie, that » 

when //--<), r x. 

The two lilies or axis n\ and Oj'.ue called asymptotes, nttd 
are said to meet (or lomh) the nu\e at an infinite distance 
from the origin. 

Arranging, as Wfnie, hi two columns the unties of values of x 
and y obtained from ivj. (i)^we obtain 


Values of x, * 0 j 1 d 4 

Cormpomling values ^ x 8 J 2 
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T?ie curve obtained is of the utmost importance ; it is shown 
in Vig. 70, and should be reful ly plotted, also using different 
values for the constant c. • 



The rectanguhu hypcibola the cunt* of expansion for a gag 
such as air, and is often taken to lepresent the curve of expan* 
sion of superheated or sat mated steam. 

If ft and >• denote the /»raw///v and m lame respectively of 
gas, the equation InTomes pr ~ constant •--<*. 


MISCELLANEOUS EXERCISES* XXVII. 

Plot the follow mg : 

1. y ~ 2. 2. y u 4 4. 3. y - - 2. 

(i) A'- ‘26AM 15; (n) F;- 1-76/f I 1 *47. 

5. (i) \ '7 ; (ii) F *3 AM 2 

t 

6. x* + y‘ J -20. 7. M*? .-25. 8. y=-2t>. 

o 4 

9. y-fiA 10. y-ir*. «•» 11, y=4x'b or 

12. In the equation plot tho curves obtained when * 

has the values 1, 2, 3, i.e., (i) y-u\ (ii) y^x 5 *, (Hi) y=*A 

(iv) y=A (v)y=x*. 

ny-to. u.»-y 
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« 

15. The following tabic gives some sizes of Whitworth bolts «ni 
nuts : * 


d - Diametc^l 
of bolt in \ 
inches, - j 

> l 

| 

2 

i ! 8 

1 

* 

1" 

n 

it 

11 

v> ~ Width of 
nut anA 
bolt • head • 
act (Mis the j 
jjat sides, • ' 

y, 

•70 

j 

oi ! i on 

1 

I 

• 

1 .HO 

1 

1 <17 

X 80 

i . „ 

2 ■or. 

222 

W — W dtlil 
% across the!' 
coopers, J 

•02 

"1 

i 

1 ! 

1 1HJ i 1 20 

.. 

I 

i r> 

1 70 

1 95 1 

2 16 

I 

I 

2 36 

J 

278 

rfj — Diamotei a 
of bolt at 1 : 
bottom off 
thread, J 

1 

•19 

1 

! 1 

29 | 

1 

ay | r.i 

i_ 

02 

73 

j 

84 i 

A 

- 1 

94 

107 

1-20 


(i) Plot d and i r, and obtain the relation l>etwoen d and in in the 
form w-tid + h, and find the constants u and ft. 

(ii) Plot d and Jf\ and find the constants a and 5 in the relation 

d~ all' 1 l>. 

(iii) Plot d and d h and find the constants rt and /» in tin* relation 

d - ad, - l>. 

• . • 1 

(iv) Plot the results obtained from the usual rules and compare 
with those already drawn ; 

».«. • ic - 1 + i", H'.-iW. 


16, The following table gives sonic prices of steam stop valves : 


Diameter of v*lv%i 

H j 4 

8 

in inches, - ( 


Price, - 

| 26s. 6(1. | 70s. 

IHOh 


Plot these values, and find the probable prices of valves 3 inches 
lad 6 inches diameter respectively. • 

W.M. II. 
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IV Some particulars of riveted lap joints are given in the following 
tablS: 


— * “ * * 




_ 


m 

t -Thickness of plate. 


i 


4 


r 

d Diameter of rivet, 

l 

7 

1 ft 

1,1 




p x - Pitch of 1 1 \ ets 1 
[nniyfe rn'ftrd), - I : 

I 2 or* 

| 

2 3 

2 37 

r 

2-10 

2 03 

p : Pitch of uvets | 
(dimhlr nirtui), j 

:» 33 

3 -»s 

3 r.o 

3 03 

3 03 

3 0ft 


Plot d and \t, and obtain the \alue of the constant a In t^ie 
relation d ns!t. Using the same \alnes for f , plot the lino 
d l '2\V Compaie the u-Milts obtameil from the two lines. Kind 
values of d when t is j‘ rtl .m<l ^ Also plot d and />,, and d 
and y» : , and obtain the /» and r in the lelatmns p x -d t ft ; fa-d + c. 

18. I he population of a count r> is as follows : 


Year, 

is;v) is to isr, ii j lsoo | 1870 

1S80 

1890 

Population \ 
(miliums), j 

o 

k 

o 

49 4 | 

| 

ft 7 7 j 


Find by plotting the probable population in 4*35, 1863, and in 


19. In a price list, the following pnees occur: 

P2 pint kettle, pnee 08 pence ; 

» 6 .. „ r*o 

- ‘22 

* Find by plotting the pi nimbly eoneet puces of 4 and 8 pint sizes. 
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, Section I. Multiplication and Division 

Compute 


1 . 

(i) 

S ]<rj 

r. 1 1. 

nil 

j:»t :! 

; 0 (Kk»27 

2 . 

(0 

12 30 

r» o* 2 » 

(11) 

5 (fit 

. 12 30 

3 . 

(n 

:\-m 

11-123. 

(n) 

:t 4<t;> 

0 123 

4. 

(it 

it k n iin;> 

(11) 

:«i ;•(» 

( Ht5 

5 . 

d» 

23 <»7 

(i ir>i 

(11) 

2:507 

1 351 

6. 

(u 

Mis 3. 

2 470 

(11) 

i<; n.*{ 

21 70. 

7. 

(i) 

oihHii 

: 0 <Kfit7»J 




8. 

Why tin 1 

th< Ingan'lmis 

of two 01 

iimic ihuiiJk-ih added to 


obtain ill*- lng.ii it Iiiii «>t linn ' 

9. W|,> .m* ]^ir itliin^ <il t wii ntifii I m i p« Mililt.u l«‘<i to nlitam 
the logarithm ot th‘it «|uoli« nt ’* 

10. Write down tin* \ <ilu« s nt log,,, l.Vt 4, log, I n.‘{ 4. 

Compute 

11. (») • (in iilCKtiti/ O-llOo. 

12. (i) 0 04 15 v rJ4. ui| 0 1239 : rxt i-i. • 

13. ( i) » .*502 1 ■ 0 ‘2471. (n)4 32« 0 < N 13157. 

11 87-35- (0-3524 » :v.ku). 

Section II. Involution and Evolution by Logarithms. 

Compute 

1. 4-iav« iMMiavn 
3. 4/3" "24, %3-724. 


2. 2-3U7 0 *, 23117'*. 
1 atJ2-4- + \ 0-3724-* 43 . 
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^ The value of a ruby is said to lie proportional to the 1£ 
power of its weight. If one |uhy h exactly ot the same shape oh 
another, hut of 22 tunes its linear duncf.siom., ot how main’ times 
the value is it? § 

[Noth. The weights of similar things aie as the eulies of their 
linear dimensions. ) 

6. In any « lass of tnrlum 'il P is the powei ot the waterfall and 
11 the height o| the tall, and n the late ot ie\ohltl<|l, tiled It is 
know n that fm any paith ul u ela-s ot tuihmes of all sues 

>i y //'-• P " \ 

In the list ot apaitnulai makei I take a tuihine at tandoiufora 
fall of fi t<*et, lot) hoisepouei, oM t e\ ( dut ions per minute Ily 
means ot this 1 fmd I ean < diuhte n tm dl the other tuilunes /if 
the list. Kind n foi a lali oi Jo teet and 7~> lease powei t 

7. Why is the loganthm of a mmiltei dmihsl 1>\ ,’t to ohtam the 
login it Inn o| its euls 1 loot ' 

Why is log i lmiltiplhd h\ h to ohtam the logaiitlun ot a'*? 

8. Compute 

(t) (i r>x.v ,, \ oi) iu uir.^n 

9. 07-43 ; (ti d.vjt • «> :ui i* - 



find ii when r .‘I and .1 — < V/ 

11. Kind tlie \altte of 

(D (l*3l*J vUUlT.’tl . u oth271) 0 " 7 , 

(in ( 1 , :kl2 - u ulT.'tl u i»27t)" »-, 

12. x'iiW, 2fi07 1 ' 1 , -J4* «»7 r . • 

13. If /Vi in * /V: 1 |t,ln( l it 1 J r \ In' called 
If -t>, find /' It Pi - InO 

Compute 

14. xl 007, (32*1.»)‘« 

♦15, * (Bum F A7ir‘ J 

where /-h/ 3 ~12, 10\ w --3*142, / Hii, h~'2, 0T»; find F. 

16. Hiven P ~ ft/ 8 ft a” \ where P denotes the horse -power wasted 
in air frietion when u dise d ft**'t in diameter is revolving at n revo- 
lutiotis per minute. 

If /* =01, when </- 4 and a-'ilOO. find the constant c. Now find 
P when d is 9 and m is 400. 

17, If // is proportional to I ft e\ and if /) is 1810 and r is 10 
when II is (120. find If if /> is 21»K> and r is 13. 
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» K r t V/.sV 

find tilt ration}' /, to /„ wtien 7’--2\H, 7*, -.’< ‘27. 

19. Kind 5ie lift li lout r»t 7fr,VJ ■ (li’d. 

20. Find the It pnwei . 111(1 l hr ti ldll loot of 0'7. 

21. If Hi (a 1 , -ln-h >- H ” »«)* . find m il a 0 504, it ~ 0 30H, 

1*507. • # 

22. Assuming th.it tin '-i | u.i i « n of tin | m 1 1 • m 1 1 1 t lines of t hr planets 
Vrt^j iw t In 1 ( uIh“* oi t hr Htniiin.i|oi .i \* - • i| tlir.r oi lul*, drlrnniiH' 
tin' wnn m.ijoi a\i-» <>i t hr t»iliil ol Muis .lUiiit thr Sim from t lie 
follow mg dat.i 

“lVnudir llinr of F..ulh .‘Mm da\ >- 
Mil > t i> i 

* Srnn-ni.tjot axis of F..uth . oihu 03 - I o' miles. 


Section III. Area. 


1. Find thr .urn o| ,i « urlr dt i.idur I I il 

2 . Find thr d.mt In ight .md uimd onl.ur oi a light conn, 
thr rndul* ol thr ke*e I sung I 4 ft md thr in ight 111 ft. 

3. Find thr Mil hue oi a “jiln-rr of i.idius I ‘ I 1 1 

4. The ordinates of an inegului plane figuir I inch apart are in 
inches ius follows ; lit* <*o. *JN Do, 2S to, ‘JS 1*1. *JS l»2. lit) 0, lit) Do. 

Find thr area of tin 4 fiiMne, uhiij’ thr iiir.ui of thr gi\en 
numbers ; (n > using Simpson's mlr. 

6. Thr Hide* of a ti tangle are 13. 1 1, and In feet. 

Find its ami ft the ifeniesi squaie foot. 

6. Find thr length and weight of a wi might iron flat liar, 1 in. 
thick and 3 in. wide, inpimd to make a hoop Ij ft. diameter, • 
allowing 2 in. as overlap at the welded joint. 

7 . The external dimensions of a m tangul.it risteni ate : leflgtn 
6 ft. 4^ inches, width 4 ft. 3^ inehes, and depth 7* ft. Ojl inches. 
Thr mean thickness of the mateiul h ;j inch, Find the internal 
surface and cost »»f lining it with lead weighing 0 Ihs per twj. ft, 
and costing 3d. per lh. 

8. The areas of a wiua.a* and a rectangular field are equal, the 
lengths of the sides of the latter being 135 '3 and 103 S metres 
respectively. Find the cost of enclosing the square field hy a fence 
At 2‘5 francs per metre. 


9 . 

There 


A circular lawn has an are* of f acre, 
is a path round the lawn 6 ft. wide. 


What is its diameter ? 
What is the area of the 
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I ms 

iv A baler ton tains .“>00 smoke t rath 2f inches internal 
diameter. Emd tin* total ure,%toi diaught Lhiough them. 

11. The ami of a square tii-l«l fulls >hoif ot IU acies hy 44W square * 

yaub. {find t lie length ot rm-li sub # 

12. Tin* diametei ot a < 1 1 «*u )<i i lawn in It yards, and it is sur- 

rounded l»y a gravel path 10 tt wide What in the area of the 
linnet paths’ • 

13. A eylmdei JO h. king and tt m diametei is e;P|)|K-d at one 
[‘ltd by a heiniNphi ie and at the ottu i hy a tone <S ft m altitude. 
Kind the eost ot paml mu Hu whole siii|,n< at (Jd pel squat e yard. 

14. The mdmatt s ot a i in ve I in apaitaic t tiO, 4“0, 4 !>2, .V14, 

4 SI, 4 l‘J, 4 *Jt> 

Kind the hi* a lH>tweeii the < in \e, tin a\is ot /.and I he first affcl 
last »>t the givtn mdmatt', p) hy the '1'i.ipt /oid.d rule; (li) Ijy 
Simpson s Mile 

15. A leetaliuillat tleltl contiiiiis I / at les ; it it weie I I yds longer 
iind7\ds nanowei than it e, it' aie i would h, un.dteied : find its 
length ami hieuilth 

16. A ell e|t* anti in eipulaleial lii.mgb ha\e cadi ,i potiliieter of 
12 tt. Kim I then ui eas 

17. In a rcctangiiht held ot aeies (lit 1 Iingth is to the breadth 
vs 4 to T Kind the length 

18. A plot of I md nita'iiies .'too tens and is m the teini of a 
uvtaiigb having iK length tlnee turns ih lueadth 

Kind to till' ne.uesl y aid the length of telne which would bo 
required to em-lose if. 

» t • 

Section IV. Volume, 

1. Kind the volume <>| a em ular < y lmder— tadius of base 8 ft., 
length 14 ft. 

2, Kind the volume ot a spheie, radius 1 4 ft. 

*3. A volumf ot U 702 eulue teet of h ail is divided into two equal 
mills. One part is tmmed into ,i solid sphert', the other into a cone, 
he radius of the liase bung equal to the radius of the sphere. Find 
he radius of the sphere and the height ot the cone. 

4, A hollow evlindej, radius 2 ft., contains water to a limuht 
if 1 ft. If a heavy sphere, radius l ft , is placed inside the cylinder, 
iv hat will lie the height of the water? 

5. A plate of metal is lOtWi in. long, 14t> in. wide, and 2 in. 
thick. Supposing it to In' melted and cast into an exact cube, what 
would Ik* the edge of the cube ? 
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6. A eubie foot ot cnppT weigh* lbs. It I* rolled iato a 

tMju.uv !«ir 40 ft. long An i\a< t cul|' m out lrom llu> hai : tinu its 
weighty # 

7. The Hi ,i io< t u>cul<u l*>\ art' lt*j( m , 10^ in , nyd lif in. ; 
tin«l the edgi of a cubical bo\ <>l tin- Mine volume, and comjNtie the 
arena of the suit n es nl the two lioves, 

8. A lake, w Iiom* an a m 5 u ies. is*eo\ ei n| with ice of a uniform 

llllekness o in ; tnnl tin w iglit of the ne tit tons, if n < uhle foot 
of it Weighs oh lb* • 

9. Kind the weigh) m kilogt mi . o) i < uhu ,d h|o» k of nu tnl eaeli 
of ^hose edg< s m 1 02 in* 1 1 1 s long ha\ mg giv cn t hat a < uhle eenll- 
llietle of the Hit tnl Mi igh* S Mo gi.iiie- 

A‘iud also to tin- ne,ne>t u nlnm I te tin length of a diagonal of a 
face the hint k. 

*10. A ie. tan gnl. n heain of wish! i* o t unties long, 0 35 metre 
wide, and 0 *2S untie thnk I’lnd the w light in kilogiamn if the 
wood is tliti e t|iiai It is as h< a\ \ i* ,»u t ijii.d \oliuiu of water. 

11. \ log ot 1 1 1 1 1 1 ■< l )- .‘iti ft long, the Ile.is of the ( loss section 
at i ijual di*tam • . ot ti tec t an s .">7 . 5 Si, 1 05, ‘2 Ml, 2 1*1, I of. I 05. 

Kind the volume b\ tin Tiajt'/oid.d and Simpson'* nil* s. 

12. Kind tin volume ot a spin i n nl shell, t In nit « i nal and estoi nal 
l.idll lieiteg H ms audio ill' it s|hs tivelv 

13. 1 1'*' mu ot a i mt non flv-wlnel, ot lo ft mean dianutcr, ia 
S ms. w ale and 4 thnk . In id its w eight 

14. A lids' ot i opjs i (0 52 lh |k r < uhte iii* hi I s I ‘2 It. long and 
3 ins. inside ill. inn lei : it weighs 1 00 ]hs Kind iO outei diameter, 
and the area ot its < utved outer *uria< e 

16. A < ist iron tfv-wTieel weighs Ihs. The i im is of rect- 

angular are t mi i : the the km ss tadiallv is r. and its *i/e the other 
way l thr. The inside ladius of the mil is Hi. Kind the actual* 
sixes. 

16. Assuming the ninth to he a splu ie, if it > cm umfeiemr in 
360 / 60 nautical nnles, what i* tin > neumfemn e of the paiallelof 
latitude 56’ v What u* tin' length tlnn* of a dngr<^* of longitude? 

If a small map is to lie drawn in this latitude, with math and south 
and cast and west distances to tin- same scale, and if a degree of 
latitude (which is 60 miles) m shown as 10 imhea, what distance 
will represent a degree of ldhgitudc? 

17. A hrasa tnl*’, H feet long, ha« an outride diame ter 3 inches, 
inside 2 8 inches. What is the volume of tin* brass in cubic ineheni 
If a cubic inch of brass weighs t»3 lh., what ;s t h<- weight of the 
tube? 

18. A circle is 3 inches diameter, it)} centre i« 4 inches from a 
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linc^ln its plant'. Tlir circle revolves about the fine oa an axis and so 
generates a ring. Kind the volume of the ring, also its surface area. 

19. Two men mea.su tc a rectangular*!* »v ; one finds il» length, * 
breadth* and depth in inches to hr .V32, 415, 3 29f The other 
finds them to he f> 117, .‘1 33. Calculate the volume in each 
ease; what is the mean ol the two, wh.it is the percentage differ- 
ence of eitliri fioin the mean, 1 ' 

20. A l*»x open at the top has externally the l'otwi of a cube, 
each edge of wliieh is '5o inches long; it is made up of five plates 
each an inch thick Kind the volume of the muteiial m cubic inches, 
and sliow that it, is neuilv three tenths ot the internal volumn of 
the lmx. 

21. Kind the surface and volume of a cylindrical anchor n^g, 

the diameter of the cioss section being II indies and inner dnyneter 
3*2 inches. • 

22. A right menhir com- was mca«uicd m Mich a way that the, 
diameter of th« base is known to l>e between Hi 2 and 16 3 inches, 
and the height between *27 '•*» and 27 <> inches Kind the volume of 
the coni', using til the smallei, fill the gicater dimensions. 

23. A eiieul.u lake, the area ot which is t aeie, is covered With 
ice of an aveiage thickness ot *2 mi lies : tmd the weight of the ice 
ill tons if a cubic toot ot it weighs .'»<» lhs 

Kind the cost, ot enclosing the lake h\ a fence at 4 2s. (id. per yard. 

24. The external and internal diameteis of a hollow steel 
evlintliieal shaft are Hi and N melies respectivclv ; find the are* 
oh a cross section. 

If the length of such a shaft is 4 \nids. find its weight. 

25. The internal dimensions ot a wioHght 4 n<*i cylinder, with 
hemispherical ends, are ■ diameter 4 feet, total length 8 feet. How 
main cubic feet of water will it bold? 

28. What is the weight of the metal forming the cylinder in 
thg preceding question, if the thickness is J inch ? 

27. The rainfall at a paitieular place is ‘29“2 inches in a year. 
Ho how many gallons per acre is this equivalent? [1 gallon = 0*1 60ft 
cub. ft.] 

28. Kind the number required, and the cost of the bricks needed, 
to build a wall 30 yivds long. 6 fecUhigh. and 13$ inohes thiok. 
Each brick may Ik; taken to fill a space 9 m. long, 4J in. wide and 
3 in. deep, ami 1000 bricks cost 2. is. 

29. The section of a stream is 10 ft. wide and 10 in. deep, Find 
the number of gallons which flow through the section in 24 hours, 
assuming the mean flow of w ater through the section is 3 mile* per 
hour. [I gallon = 0*1 605 epb, , ft.] 
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SO. If 648 taxes are stowisl cIorc together on hoard a ship,^nd 
the total < 'out of frt ightnge at In. 2d ip»r cubic yanl, when each nox 
,me*Htm*B ft. long, 3 ft. i®ide, ami ‘21 ft. deep. 

If all file l»^\ex are piled in the form of a cuta, what is the length 
of an edge of the cuta ? 9 

31. Find how many cuts of lead will 1 m* required to cover an 
area J50 ft. long and 37 ft. 4 in wide wuth a sheet of lead one-tenth 
of an inch thj^k. 

32. The length and breadth of a rn-tangfllar reservoir W'ith ver- 
tical Rules are 1*2 tt 3 m and S tt 4 in resjH>eti\ely ; Ur contents 
are 18 -‘28 euhie yards ; find its depth 

Kind also the depth of a euluoai reset \ on of equal contents. 

T3. Each edge of a cuta of /me increases by 0 003 of its length 
for a i#so of teiiijMTaturi* of ion degrees centigrade. If the volume 
oftaieh a euhe is originally 1‘2‘t cubic iu< lies, tmd the increase in 
volume when the tcni|wrjitmc of tin- cuta has Ihcii rinsed through 
1M 0 . Kind also the < orrespondnig met ease in the hui fuee of the 
cuts*. 

34. A hollow east non . vlmdei is 4 32 inches long, its external 
and internal diameters aie 3* I a and I '724 inches respect i\ ely. Kind 
its yolunie, its weight, and the sum of the areas of its two curved 
surfaces. 

35. A rnvular anchor img has a \olume 113d euh. in. and an area 
620 sq. in. Kind it- dimensions 

36. A path 6 ft wide is to Ik* made on the outside of a circular 
lawn 30 tt. in diarnetei. What will Ik* the cost of covering the 
path with gravel to an average depth of 3 imlies, if gravel ousts 
as. per euh, yaid^ ^ 

37. The external rltmensions of a eistem are : length 6 ft, 4f ir.., 
width 4 ft. 3} in., and depth A ft. 6jJ in. The mean thickness of 
the material is $ in. What is the weight ami the numlierof gallons 
of water whieh the cistern can hold ? 

88. A piece of copper (sjH*cdie gravity 8 0) 1 ft. long, 4 in. wifle, 
and $ in. thick, is drawn out into wire of unifoini diameter in. 
Find the length and the weight of the wire. * 

39 . A roof flat 48 ft. long and 32 ft. wide is to 1* covered with 
lead f 1 ? in. thick. Allowing 5 j*:r cent, for roll join la, find the 
weight of lead required. [1 euh. ft. lead-712 lbs.] 

40 - A cylindrical gasometer with a flat top is required to hold 
two million cubic feet of gas, and is 200 feet in diameter : 

(i) And its height ; 

(ii) determine its weight in tons, assuming the average weight of 
the iron plate and frame to be 7 i lbs. pci; square foot of surfaoa 
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41. A Imilei contains .HH) smoke tubes, each 2{ inches internal 
diameter. Ki ml the total w^ndd of the tains if the thickness of 
metal is i in., length 7 1 1. , and specific (pa\ity of the material 7*8. 

• * 

Section V. Symbolic Notation, etc. 

1. There are two •piantiTus. n ,md h. '|'he sijunic of n is to he 
multiplied h\ tin* sum of ihe sipimsoi a and A , added, extract the 
cuIk* n>ot, divide b\ Hie pioduet of o and tin s<|uaie root of />. 
Wnte dow u t lu'se steps and i In final lesult aim hi aically. 


2. 

[n't r he multipin d b\ 

1 he 

■ sipiaie of 

y and 

subt r 

aeted # fiom 

tin* cube of . ; t lit* cube loot 

ol 

1 lie W In >!• 

■ is tal 

veil and m then 

s< pin I e 

d 1 Ins is then div tiled 

In 

tin* sum of 

i . y, and 

Wnt^all 

this di 

>w u algebiaieallv . 





• 

3. 

Wide down algebi.ne.i 

IK 

Thlee limes the souaiv of r. 

multiplied b\ the still, lie loot 

of 

V . tiom th 

is Mild 

i .it t i 

i times (lie 

Napiei 

lean logo ithm of r ; ag 

mi 

. subtract / 

1 t mil - 

. the 

sine of ex; 

divide 

the lesult In the sum o| 

th 

e < ||Ik- ol ( 

and the Mpi 

are of y. 

4. 

Wl lie down algebi IK all\ 

Sotiai e »f. i 

div llil 

In th 

e sijUilte of 

/>, add 

1, e\t 1 llet .he sipt.in le 

ol. 

multipK b\ a*, and dn 

, ule l»x the 

hi | nine 

> of n. 






5. 

Kepi eseilt 1 he follow mg 

ah 

iebi.in allv 

The >. 

dim ol 

f the cubes 

of two 

i numheis div nli d In the 

11 slllll enliills 

the sum ol 1 

die «ijmm*s 

of the 

same mimht rs dimmish' 

(1 1 

n then pm 

•duet. 


6. 

Kepresent algebiaieallv 

■ The idh pi nv 

ei of a 

exceeds the util 

root oi 

l t lie number 1>\ the <ji\i 

loot of its /dh 

powei 



Kesolve into taetois : 






7 . 

» 7r f 12. 


8. A 

,• ft. 



9. 

X- f 1 1 r H 3l 1. 


10. /- - 

r 30. 



11 . 

.r J Hf 4a 4-37 


12. I2.C- 

ll.r 

ir>. 


• 13 . 

ft 1 | 4tir f 1 1 - //- -( \y ! 

if. 





• 14 . 

Simplify ' S .. 

I 

r - 1,1 


.»• t- 1 

7 


(.» b»M) l, 

) t 

;»• S)ir 1 

7) (x 

S)(.r 

1>) 

15 . 

x 4 Mr-y- ltiy 4 







a-’ 1 - tu* l y l 12jry* - Ny* 


0 




16 . 

Simplify f 

* - 3j -I 

"j 1 

2» J f r 3 
2 j - i ,~>x -i 3 

~ 2 




and find its value to three significant figures, when x- 1 + v '3. 

Show that f.r ( .r i 12 H r - It (.v- t 31 is the product of three 
factors. 
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If x stand* fur a positive whole mindier, show that the ll^vc 
factor* an- eilliei thus* roiweutne i*»n iminlaT* oi tliirv eoiiHeeu- 
tivo oih^mimlHTs. t 


• 



» 

Section VI. 

Simple Equations. 

Solve the equations 



• 

1. 


2. 

.» * y* a ■» ■ ** 

, ±<- \ i 

"• ;> i:> 


4. 

; v ;a ;) » 

(2a 1 1 1 ’la 2) 

?• 7 

, 1 i 

u 

•2 

„ .• 1 » 23 _ * < 4 

6 - 7 ' 4 ■ 

•7.*-* "’) ' 

n 2 

''I 11 r 

). 8. i:4V o ~r M i’- 

9. J(jr t ll» + * ;i ” 

10 ' 

1 ' 

« 2 23 1 1 10 r 
10- •• 3 4 - r, 1 4- 

ll. (jr-:tnsi7i (• 

:»)(• 

• H) 

3r.| a. .K .Ml 
li ' t I'J Iis 

16 ;> io :> 

ii 

/ 2 

« , i b 

2x i »/ x /. Ho 

a 

./ * (a 

nb 

b)' 

a , .■ , b , r 

16- " 1. '■ . • 

17. , '' ■ «- . 

b r a i 



is. '; j •; 

4 1 i b '1> a 

ln tl x h X b 1 * 

19 - i, a a lT t= 

V 


20. »n " { ' - ‘ --m 

a 4 x 

21. ,/ l - + 



22. * '' -j. 

X a' II 

__ x a / 

2s- '-n^ 

r 

24. 

2x , a . /| Ha M- (a - fc) 2 3 

b II ' all * 




• 

Section VII. 

Simultaneous Equations. 


1. If:-ar-/yA 

If i-T.T2 when xc-l and y ~ 2, and if r, -K\”>8 when Jt~4 and 
y = 1, find a and b : also find z when 2 and y- 0 

2. If y ~ ax^ -> brz". 

If y-6‘2-3 when x~4 and t-2, and y 1*7 2 when x 1 and 
s = I '46, find a and b; also find the valut of y when x ik 9 and z 
is 0 5. • 



172 


WORKSHOP MATHEMATICS. * 


a 3. M t p 'lh find 1 1 /i % rind the values of t and p when 
r - 4 -Jo, a z 31 N -3, l> 4 XT> • 

4. Solve the equation* • 

r. 3 7 :v\ 34 

y » y ’ ’ 

5. -Tr f 3y .'H, Or !»y * 4 

6 . nr 3y by «3r II. 

7. iriV* -'I, If/ l ' , 4 M. 

• > h 

8 . “ t % 7. * .~»y I. 

9. .r l (i ‘Jy li I, I *7 * only nolo 

10. or 'Mf f a, if toy . 'In , irf.'iyi- - a 

11. t U// ; 3, .*{// If; lo, fu >/ f 3*. - 34$. 

12. or In/ a-, (/> -o)r l ay //. 

13. 2r I * ,V.I, 3 , i “ til. 

y y 

14. & .31, '' 4 ly .-39. 

o t) J 


oection vm. Problems. 

1. I fivi.lt* C4 * IM. «nion K Ht 1 hr**.* .1, ft, ami G, m that 

A n Him re nmv U- §ths o| /,‘s and //\s dmu^ of 4 ,'V 

2. Divide 379 into two pails such that one 'third of the first part 
IS less l»y lo than one tilth ot the second pa.it. 

3. Find a 101 in I km- such that, when diminished hy 3, one-fourth 
nnm^r nm,,M ‘ T '"** ** grwlU ‘ r hy 2 thttn «»n«*-lifth of the original 

' 4. Divide % £3. IS* 4d, among three persons .f, /?, 0 , bo that B 
may receive seven-eight ha a.s mu<h as A and C and five shillings 
more than H . ® 

5. L'he numenitor of a ee.tain fraction , s 4 leas than the denora- 

inator ; if 10 l*e subtracted horn the numerator, or if 30 be added to 
the denominator, the resulting fractions would be equal ; find the 
original fraction. 1 * 

6. A crew which can pul] at the rate of 6 miles an hour finds 
that it takes twice as long to come up a river ns to go down: at 
what rate does the river How ? 
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7. The electrical resistance of a copper wire is proportional to 
its length divided by it* crons section. -Show that the resistanee^of 
;v pound of wire of circula^ section an in one length is inversely 
jiroportiolial t^the fourth jxwei ot the diameter of the wire. 

8 . Some men agree to pay equally for the use of a Lint, and each 
pays 1T» pence. If there had l*ocn two mote men in the party, each 
would have paid HI jienoe How man^ men were there, and how 
much was the hire of the Lmt ? 

• 

9. The total cost (' of a ship per limit lni<4uding interest, wages, 
coals, etc.) is f / m 3 , whetc * is the speed in knots per hour. 

* When x m 10, C is toimd to lie €5-2 ; 

shIo, r ,, „ C375. 

Calculate a and h. What is ( ’ when * is 12 * 

How*nmnv horns are *»|>ent m a passage of 3o0 nautieal miles at a 
speed of 12 knots (oi nautical miles per hour), and what is the total 
cost of the passage* 

10. The sum of two muulwis is 70, and their difference is equal to 
one-third of the greati i ; find them. 

11. A majority agauiM a certain motion is equal to Oi) per cent, 
of the total numltci Noting. It twelve ot those who voted against 
the motion had voted for it. the motion would have lieen earned “by 
a single vote. Find the nunils is voting on ea< li side. 

12. The sum of two immliers is 12 54, and the sum of their squares 
is 81*50 ; find the iiuhiIhts. 

13. T he net yearly pi of it P oi a i ail way may Is* i cprcscuted by 

r hr -fry, 

where r is the gross* yearly n*e«*ipt from jHisscngcrs, and y from 
goods ; h and c lieii.g constant numlsTs. When a* 520000 and 
y= 220000, V was 330000: and at a later period, when x <902000 
and y — 700000, f* was 6(l30H0 What will prolmhlv l»e the value of 
P when x~ 1000000 and when y -HOOtJOtP 

14. The ages of a man and his wife added together amount to 
72*36 years ; fifteen years ago the man’s age was 2 .3 tunes that of, 
his wife ; what are their ages now ? 

lfi. A rectangular garden has one side 28 yds. longer than the 
other ; if the smaller side wer* increased by 40 ) ds. ami the greater 
diminished by 34 yds., the area would remain unaltered ; what arc 
the lengths of the sides ? 

16. A certain resolution was carried in a deliating society by a 
majority which was equal to one-third of the number of votes given 
On the losing side ; hut if with the same numlier of votes ]0 more 
votes hod been given to the losing side, ^he resolution would only 
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hane Iwen rained by a majority of one. Find the number of votes 
gA'en on each Hid.'. t 

17. A certain pie< e of work can lie c( mplcted bv x men y\ y days. 
If, however, x t men weir employed the woik n^ld be done m 
y »> ifllys, while it onl v r •"> men Were employed the work Would 
take v f 12 days. In how many days could the work l>e done by 
21 men 9 

18. Find two eouse< uti\e numbers sueh that the difference of 
then si | mt ics is 10 


Section IX. Squared Paper. • 

1. It // i a log ((l .r 2 70, tmd the \aluesof y when x has the 

values 2, 2 .'1 # 

Plot the values ot // and i on squared paper, and draw *the 
ptohahle emve in which these points be. State appioximately 
what value ot x would lausr y to be (I 

2. ' and f me the distance in miles and the time in hours of a 
tram horn a tailwav siation Plol on sipiaied paper. Desert lie 
whv it is that tin s /o/;i of the i m ve shows the spivd ; where is the 
sjierd gicatest and where is it least 9 


X 

0 

( 

Dim | 


o:>o i ;>2 2 do j 2 02 :vo;> :mt 

I ' 

mu o i.i o*2(i n 2 .) 0:10 i *■:{,'> 


3\>oj 3’K2 4 ir> 
040 1 0 4. ) j O-.W 


3. A vessel is shiped like the frustum of a cone, the circular 
Rise is 10 inches dmmelei, the top is ,*i m< lies diameter, the vertical 
axial height is H inches llv diawmc, tin#) the *.\ial height to the 
imagmaiv vertex ot the cone It .i is the height of the surface of 
a liquid I rom tin' bottom, plot a curve, to tin scales you please, 
showing for anv value ot x the ,oea ot the hon/onal section there. 
Three points ot the curve will lie enough to find 
i 4. A tml pump of variable stroke dtiven by an electro-motor at 
constant sjioed : the following experimental results were obtained : 


Klootiii'dl Homo 

Power goon to 

Power. 

Water 

'M2 

* MO 

to 

2-21 

7 v> 

4 2H 

1074 

0-44 


Plot on squared paper, and state the prolvable electrical power 
when the power given to tjhe water was f>. 
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5 . Mr. Scott Hub'll found that ut the following speeds <4 f a 
‘canal- I k » al the tow lope pull was as foljown. • 


SjH'cfrtn m^Ies pci houi, 
Tow -tope pull III jKUimlh, 


j U 15 » 7 7*7 j 8 -fit! ; 0 (It 

I ' 1 - - -f — 

■ 250 ■ r> 4 Kt | 400 ! 280 


• 

What was ih<‘ piohahle pull when tin spoil I was h in j lea jmt hour? 
There was reason to h<lu\e lhat tin* pull w.ik at its uiavmimn at 8 
mile* pel hour, hei uis< this was t|, ( . natural speed ot a longwave 

in that eaual 

• 

6. (!i\en »/ lh J 2 * 1 1 « »■-: , ri ar 7 o77. tmd the \ allies of y when a* 
is 1 n, 2, 'J. l> Plot the \ dm -* ot / and 1/ on houaiid jmjwi and 
lira.* the piohahle nine in whxli these |Muntx lie. \N hat value 
of j W fluid I uuse (/ to lie 0 v 


7 . It >/ 2< * ^ to. mu lolls vallli* of .r. eah ulate y ; plot oil 

wpiaied pa | h * 1 : st,,te atipi « >Miii.it <d\ tin Miliu ot a wlnoh eauses y 
to he ot it- small* st \alue 


8. Kind to (hi* e sieinfieant figures a value >>t a* which satisfies 
the equation 

2 1 • 10 log,„i .*t 2n 0 

9. It is thought that the follow mg ohser m <1 quantities, in w hich 
there aie piohahh «iroiso| ohsei vation. tollow a law like 

1/ (fi hx . 


Tost if this is < 

so, and find tin 

• most 

pmUihle values ot a and h. 

• : 

4 30 | •> 10 | 

t no 

4*1*2 0 HI , 7 2o 

i 

V 

:«•(» 1 :v) 1 

JiO A | 

c»7 *2 s;» 0 ; 12.70 j 


I _ I 


10. PlM 81 / .-4 K.r , 0 1* 

Plot y 2‘2t 0 7 r. # 

Find the jaunt where they emss What angle doeffleueh of thetrj 
make with the axis of r‘- At what angle do they 1110*1 ? 

11 . IMot the curve 

i/^Sr 3 - fir a- 1 

for values of x Ik* tween 1 and 1 Find the least positive value of 
ar which satisfies the eipiatum. 

12. Find one value of x for which 
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u Find the values of x which satisfy the equation 
• ^5*— 3'«vc 

by drawing in one figure (he curves 

• // 3 or and y-e*. 

14. Kind by squared p.i|>er the uilucs of r and y which satisfy 
simultaneously the equation* 

r 3 i y 1 2r -9--0, x 2y ) 4 0. • 

15. An army of 5000 men costs a country CSf jwr annum to 

maintain it, an army of 10,000 men costs il, 300, 000 per annum to 
maintain it ; what is t lit* annual cost of an army of HtXR) ? 'Jake the 
simplest law which is consistent with the figures given. Use 
squared paper or not , as you please. • 9 

16. At the following draughts in sea water a particular veaiel Ijaft 
the tollowing displacements : 


j Draught h feet ,j 

15 | 

12 j « 

«-3 

| Displacement 7 T toin ■ 

• 200.8 | 

1512 1018 

580 


What are (he piobahle displacements when the draughts are 11 
and 13 feet respectively ? 

17. The keeper of a lestamant finds that when he has (1 guests a 
day his total daily profit (the difference Istweeri his actual receipts 
and expenditure including rent, taxes, wages, wear and tear, food 
and drink) is P pounds, the tollowing numliers Unrig averages 
obtained by oompat ison of many days' aei mints; wlmt simple law 
seems to connect P and O’? a *> 


. i # * i 

210 

1 -0*0 

270 

1 4 1-8 

320 

! +4*8 


j 4 6*4 


For what number of guests would he just have no profit ? 

18. An examiner nas given murks to {vipers ; the highest number 
of marks is 185, the lowest 42. He desires to change all his marks 
according to a linear law, convening the highest number of marks 
into 250 and the lowest, into 100 ; show how he may do this, and 
State tho converted marks for jwjiers already marked 00, 100, 150. 

Use squared paper, or algebra, as you please. 
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19. is the iiori/ontnl sectional urea of a vessel in square ^oet 

at the Winter level, h lieing t h«' vertical di aught in feet. * 

• • \ .t i l4X><f 14, 14 M I j 13.7SO | I3.I5U ] 

I • ! : * 

I it 23 o 2t i •;{.’► ;« 17 1 | 14 « j 

Plot on squared pupei ami read o|f and talmlate A for values 
of It. *23, 20, l*. 

It the vessel change-, id iltiuii'hi ftom *3 to K.t.'bwhnt is the 
diminution of its diqilnm m< lit m I ulae tm-l v 

20 . Kind a Millie of r vvhu h silmlu"- the (quatioli 

, X- oloe,,,! ‘J'.Vil 0, 

21. Jf x - n(<p - >-m ip) and 1 / *»(l nil </>i, and it it ■■ .7 ; taking 

vartoiiH values of <j> between o md, -,a\. I < eh ui.de .< and y and 

plot this |KU't ot tin ( Ul Ve 

22. If x Ik* the depth to whn h a Honting spin ie of i.idius r mid 

density p sinks in water, it is loiind that / 3/ j ‘ • 4 ry 0 

By squiiied jwtpsr ditiinnne appio ,mi.di lv the depth to which ;v 
sphere of ladius HI im In s and d» nMty t» ti.7 will sink in water, 

23. The following nmnheis iHati to the How ot water over a 
triangular notch : 

1/12 It It; is 2 0 2 4 | 

V 4 2 01 Ho ll.i 14 11 23.7 ! 

_J 

// denotes the laud of water (in lent) and the quantity (in ruble, 
feel) of water tlowtng pet second Hiow that (,> and // are 
connected by the formula Q-t‘l/ n , and detei untie tin values of u 
and f. Find the value of V when // 2 2, 

24. In the formula lot a hollow shall, 

h* <1* Hi T 
/> Jv 

Given d~ 3 in., T -2K0./ 7, find I). 


25. A series of soundings taken a< ncn a met eJianne] is given by 
the following table, r feet Lung distance from one shorn and y feet 
the corresponding dept-h. DiHw the sent ion. Kind »ta ana. 


I * 

0 

10 

10 

23 

30 ;;s 

13 

«> j •'w 

HO 70 

7*7 

- 

80 

j y 

r> | 

10 | 



13 | 

Liij 

.5 , l« 

14 

i 12 1 8 1 

« j 4 

.i 

12!,. 


W*n.lt, M 
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2$* h is I lit* height in f»vl ol the at musphei w smtaVe of the water 
in a reHenou above i lie lowe-yl, jKiiut of the Injt t< »m ; A is. the area 
of the sue lace in square ini ( 

When f tlie le.servon was I’ll lei l to \ ai ious lieighlK tl^» aie%s were 
measured and tounil to he : 

; \ . lines. .f A t oj n | ’i | .ei J i7 { i ! 7s | oi I mi | 120 

I Values nt I 0 j| iiOu iitU'l.t.iHI II 7<“l 7rt.UI'> 7. 1,70$ ] till.SrtO ' <.",300 

I low niniiv i ul pu |ei t ol watei lease the ieser\oir when h alters 
from lid to ti5 i 

27. In a tahh ul \. dues ul r md u I find the follow mg entrieH : 

M 

> l< i II i-j id 

// <»ll l.i ii 1 1 Js ii l lull (i | *ji rj 

What is the piohible value ul // v In n > i . I I 5 '* 

W ll it Is 1 lie |il i ihable \ .due o| / W lit II 1/ is II | lli.1 

28. ’I'lu‘ < n»ss sci tion ol a In e (.1 m| in ), at distanee .»■ Iiuiu one 
end, is as tolluu s 

; > 10 do ' 50 To 'in no , |do 150 

1 .1 120 i-j.d U'.i i-jo id! i dr, U 2 ! 150 | 

What IS tile \olmne of the tiee, its tnl.d length being 1 d ft. 4 in, ? 

29. ll V < ' ■ 5.i 11, cah ul.it e v foi \>u mas values of s from 

1 to ‘J, and plot on st|\i.u ed )iap( i Ion whit \alue of x is ?/- 0? 

30. It »/ - 2 5 lo'jj i o 35. find </ fui a munlier of values of 

.»■ between 15 and 20, and plot eu s<|u:ii«d paper. For what value 
of is if 0? t 
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TAItM'. I IMIM^TAKT HA'l'X. 

log T 497-. 

* „ 27 is i:m. 
7s5i i s!»;»i 
„ 02:1 I T'.M.k 
„ 1 72s -• :i-2:i75. 


1 j.tllou ot watm - 10 lhs. 977 ."{ , ul>. in. 

.'A )<U<1- 1 tOll, jHtlc, n| jM |l ll 

|ho link- I J i im iii .li.uu 22 \<u Is. 

.'ll I | M| \ ll ll > 1 ''<1 l"ll 

10 wj. chains 1 ,n i «• 4SjO-t| \,ml- 

1 1 1 < >i hc-jiom * i .‘LI. <HK» tt il>- jm i mm 710 Matts. 

Volts' ampop-s - watts. 

1 i U 7 Hi*. }Ki -ij. in . i ot n*-|, uni i 1o (lie pleasure <1uc 

to a lolimm ot vuiU t 111 M high, ot a column of ineirmy 
700 mm. 

1 rsulian • 57 3 <legi cos. 

The Iwise r if Na^K’iian loganthmn i- > - 2*718 

To com ert ooimntm into N.ijx tian logaiithins multi])]) I >y *2 *,‘{020, 

TAHLK Ii HKLAT1VK WK Hai l’S 


Nam i. 


Water, 

C-ast Iron, 
Wrought Iron, 
Steel, 
ttnum, 

\zr - : 


Muk'lit of Cull \>>liiiin, 1 • 

Hi JH. III. 'I- , Itilutlw JXmbity, 


Nik.-, 4(11* Oiavflty. 


450 

4h(> 

4ft0 

515 

55*2 

712 


■o:jo 

•20 

■28 

•2ft 

-2118 

•310 

•414 


1 

7*22 
7 608 

7- 85 

8- 25 

8 -ft 

1J-4JH 


*•=*1410 :t 142 OI V- 

7T' -ft,s; 

1/^52 2 

\ inch *'l 5 1 umtiiuctrcs. 

1 rtilc 52S0 tt - 1760 vai.lrt. 

1 i nine loot of wati i 62 U ll*-. 
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c o tABLE III. HXURITHMS. * 


ii. nr 

rr 

JL— 






r— 

*■ 

2 3 

u ^ 










6 

7 

8 < 

9 

1 

7 8 9 














c 


10 

0000 

0043 

0080 

01 23 

0170 






4 

9 13 

17 21 26 

30 34 38 

11 

0414 





0212 

0253 

1 294 

03 !4 

0 <74 

1 

8 12 

10 20 24 

2S 3*2 30 

0(53 

1)4' >2 

(531 

) >50 ) 


f 




1 

8 12 

15 19 23 

27 81 35 

13 

0702 





(i,H>7 

Ot.r. 

in ; -2 

0719 

075 > 

4 

7 11 

15 19 22 

20 30 33 

0823 

0*«,4 

080'' 

0931 






3 

7 U 

r. 18 21 

25 2S 32 

13 

1130 





(«0*( 

1001 

1()3S 

1072 

1 106 

3 

7 11) 

14 17 20 

24 *27 81 

1173 

1218. 

12 5 1 

1271 






3 

7 JO 

13 10 20 

23 *20 80 

14 

1401 





mu 

1335 

13u7 

1399 

1430 

,1 

7 10 

13 16 19 

22 25 29 

1492 

1523 

i,.;.:t 

1564 






3 

0 9 

12 15 19 

2*2*5 28 







1014 

1044 

107') 

J703 

17)2 

j 

0 0 

12 15 17 

20 23 26 

10 

170 L 

1790 

t*>l^ 

1647 

is;-, 






3 

6 9 

11 14 17 

20 2# 26 

ie 

20U 

2003 




I‘K)8 

ism 

l'»V0 

l‘» v 7 

‘2014 

3 

0 8 

11 14 17 

79 22 25 

‘209 5 

2122 

•2146 






3 

5 8 

11 14 10 

19 8!f24 

17 

2304 

2330 

2.155 

2380 



2201 




3 


10 13 10 

IS 21 23 

2405 






3 

5 s 

10 13 15 

18 20 23 

is 

25o.I 

2577 

2001 



2130 


21*0 

2501 

‘>VJ‘ 1 


5 7 

10 1*2 15 

17 20 22 

2025 

24 IS 






*2 

6 7 

‘M2 14 

10 19 21 

10 

3788 

2810 





1*4 » l.j 

2,’H 


'J7t> • 



9 1114 

16 18 21 

2633 








•> 

1 7 

9 111.) 

30 is 20 







2*000 

2923 

2*045 

2967 

2‘0S9 

'i 

4 0 

8 11 13 

15 17 19 

20 

3010 

9032 

3054 

8075 

3000 

3118 

3139 

3100 

SIS] 

3201 

0 

4 6 

8 11 13 

15 17 19 

31 

3223 

3213 

3263 

3261 

3304 

33 U 

3; 15 

:\m, 

33*5 

3104 

i 

4 0 



32 

23 

24 

3424 

3017 

3302 

3(14 

3030 

3320 

3(01 
30 ii 
3638 

3(63 
307 1 
38^4 

3502 

3092 

3522 

3711 

36)J 

2511 
3720 
39. >9 

3;,t,o 

3747 

3927 

3579 

3700 

3945 

3.5* *s 
37M 
| 3902 

2 

4 0 
4 0 
4 5 

8 10 1*2 
7 9 11 

I 7 911 

14 15 17 

13 15 17 

12 14 10 

90 

20 

8970 

4150 

3907 

4100 

4014 

4183 

4031 

! 4200 

1018 

4.’«1 

4005 
, 42J2 

40SJ 

4219 

4099 

4205 ' 

4116 
4 2*. 1 

4133 

l'.'is 

2 

2 

3 5 
3 5 

1 7 9 10 
7 8 10 

12 14 15 

1 1 13 15 

27 

28 

4314 

4472 

41)30 

4437 

4316 

4503 

! 43)12 

4 MS 

‘4J7S 

4133 

1 43*») 
4, IS 

4 li)*) 
45 >1 

4125; 

4579: 

4 i 40 
r*>4 

1 t.,0 
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6017 
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6053 

0004 

6075 

«W5 
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1 
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41 
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6133 
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€*201 
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1 
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1 
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7 8 9 
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0351 
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2 8 

4 5 0 
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40 
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6454 
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1 
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7 7 8 

47 
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ono 
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1 

2 S 

4 5 6 

6 7$ 


0312 

mi 
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0839 

6^3 

mr 

6940 
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6884 

0893 
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1 3 

4 4 6 

6 7 8 

» 

0002 

0911 

6920 

6928 

6937 

6955 

6904 

0972 

6961 

1 

2 8 

4 4 5 

* 7 1 
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ANSWERS. 


I’AlvT IJ 

Exercises I, p. 4. 

1 43 w|, ft. 0' fi", «>r 13 mj ft 7 s * v -'| m 2. 198*75 aq *ft J 

3. h>M|. ft. HI «| m. 4 10.3 mj ft. 2' 5" 3'" (»'*'. 

0. 300 cub. ft. 368 cub in. 6 0090 909 cub. ft. 

7. 139 cub. ft. 519 nib. in. 8. 3.34 nib ft. 4' 11" O'". 

9. 0 cub. ft. 19*2 cub. m 10. 1 1 cub. yiK 0 cub. ft. 1 123 cub. in, 

U. no Of) cub. ft. 12 . I0o cub ft 339 5138 cub. in. 

13. 50 cub. It. 9lt)i i ub. ui. 14. S < ub. It. 050*375 cub. in. 

15. 3S cub, ft. 432 i iiO. in, , 5| .q it. 7o*0 >jq. m, 

lfl. 11 si j, ft. 80*0 “q. m. 17. 150*2 hj ft. 





Exercises 

II, p. 

10. 


1. 

714*1. 

2. 

1 170. 

3 

48*55. 

4 . 853*1. 

5. 

*07993. 

6. 

1005. 

7 

984-2. 

8. 287 4. 

9. 

0474. 

10. 

(l) 2418; 

(u) 750 

2, 

11. *1233. 

12. 

*07186. 

13. 

01501. 

14. 

1 fri 9# * 

15. *2531. 

16. 

*04082. 

17. 

507 0 

18. 

00917. 

19. 2*396. 

20. 

115398. 

21. 

9 -OSS. 

22. 

*0893,5. 

23. 183*7. 

94 . 

•01614. 

23. (i) ■ 

<M240 ; tu) 

2 48 8. 

26, (i) *8722 : 

; (ii) *2346. 

27* 

*1097. 

28. 

973 0 

29. 

1>97«1. 30. 

*00007381. 


31. (i) *7625 ; Jii) 1)7391 ; (m) 78*38 ; (is) 6 -25. 


Exercises III., p. 11. 


1 . 

1KH31. 

2. 

*034,58. 3. 78.50. 

1 

40000. 

5 . 

012. 

6 . 

•<>4,369. T* *07087. 

8 . 

53*32, 

9 . 

204. 

10 

*4000. 11. 2551. 

12. *1)006398 

13 . 

12000. 

11 

*02005. 15. 04(419. 

16 . 

•Jft07. 

17 . 

108*8. 

18 . 

•00,580,3. 19. -06039. 

20. 

1072. 

21. 

3 730. 

22. 

(i) *0177; (n) 2-44. 

23 . 

76-93. 

21 

1 285. 

25 . 

1MXXI008389. 





ANSWKRJi 

, Aiscell&neous Exercises IV, , p, 12. 

t (i) 1 J 2; (»i) # 1 a (0 1**5; (»)736. 

♦ 8. (i) ; (li) 1551. 4. 0)3329; (11) !28'3tt. 

(,) -a«lT 00 736. « (I) 1»00; (n)270f0. 

7 . (») 74W* ; (ii) 8*74. 8 (0*01447; (n) 76U » 

10. I1W. 11 (0 50 r»7 . Ill) 1 ; (m) 24 *4. 12. 171*4. 

," 3 {i) f ^-4 ; ill, 973 6, IS1-3; (ml -ouiioolW. :i7*56; 

<iv> -00007381 , 214 ; (v) ‘437 H| 45 34 ; 

(vi ) 1 03, 73»i ; (\ n| 15SOO, 32 94. 

Exercises V., p. 17. 

1 , *04 062* 2. •5105. 3. (i) 3ooi»: (n) 1141. 4. 503*4. 

8. 2jni 6. -0K502. 7. 1 102. 8. (i) 3267; (ii) *5010. 

f. -lool. 10 . - 0001 12*1. 11. *1.53. 12 2*000. 

13. (i)S*S7; (ii) >723 ; (m) Him. 14. 3 DM. 15. *5400, 

16. 03*05. 17. 2150. 18. 0 401. 19. 13*3*2. 


Miscellaneous Exeicises VI., p. 20. 


1. 

•OOOI314. 

3. 

*1216. 

4 

3. 

5. 2296. 

6. 

0001352. 

7. 

3 H73. 

8 

5 7356 ; 

2*7356 ; 5 *7356. 

9. 

8287. 

10. 

*3221 

11 

10640. 

12. 2 *4 807. 

13. 

1*162. 

14 

00007174. 

15. 

10 t 

16. 1*708. 

17. 

*02191. 

18. 

1783. 

19. 

31 1. 

30. 4873. 

31. 

1119. 

22. 

1 816. 

23. 

1297 

24. (ii) *6142. 

25. 

*2-8. 

26. 

3271. 

27 

•2928 

28. *008004. 

39. 

43*46. 

30. 

*05733. 

31. 

4677 

32. 5887, 

83. 

1 078. 

* H. 

?H51. 

35. 

2 50 

36. 3 39x10*. 

37. 

(i ) *1246, 

1116; (ii 1 

000131 1, 

•005466 ; 

mu 0001404. 3*021. 


88. 1-703; -001107. 39 00714. 40. (n IS 38; (iii22 3; (ii«) 11*8. 

41. (a) 87-22; (ft) 09fM2 ; (r) 8*127. 

42= (a) 0*2418 ; (/>) 0 551)8 ; 30*07. * 

43 . (a) 538 9 ; (ft) 2*002 ; (< ) 2*253 ; (>i) 009101 ; («) 2*48. 

44.20 87; 19; 3*415. 45. 0 725. 

46. 295*2 ; 1027 10 . -<* 51*00. 47. 800*2. 48. 3*681, 

4». 40*66. 60. la) 1^-2*495; (ft) jr~7 544 5L 1*854. 

# Exercises VII., p. 29. 

1. 3*14, 7, 12*6, 28*3, 4*15, 8 04, 13 85, 30*2. 

1 023*4. 3. 5 in. 
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^ * Exercises VIII., p. 33. ^ 

1. 40 2* l.ll \ls*2 lm-lu'H. 3. 15*71 ft. 

s 4. ‘2IH57 9 iiiibs. 5 -J-J ft. T’4ln 6, m 

7 2&-MK) ; ti*305 ft. 8. 63 0.1 . .IS 75. ST 490. 

10. 010 11 .-»(* imli-s. 12 13 ft 

13. I HO 14. MU ft ;2 22Xft. 15 .17 1 2 ft. 

16. 13 OS m 17! 317 ; .11 Mil. 18 # 7S .1 in. 

19. 47 744 in. ; 1 1 MU 114. 20 its 07 in. 21 4*2 99 in. 

22. 1*200-40 s<i in 23 .17 17' M" oi.i; .4 24 141 

25. 12 .1001 111. 26 22SU i.nli.MH 27 091 \d<* 

28. 70 IS 1111 U'm. 29 4.12m 30. 183 21)' 47" 

31 44.17. 32 f 20' 1.; '. 33. 25 111. 

Exercises IX.. p. 41. * * 

1 17 ill. 2. 5*040 si | HI. 3 9-41)0 ill. *4 1.10 7 m, tt. 

8 . *200 \ds 6 lit 4 ; in) 004 ; ( 111 ) 0 * 2 ; (iv) 2 . 

7 . ( 1 ) * 004217 ; (lit * 00044 . \m) S . 1 . 14 . 8 . t !2 ISs. I 0 *‘ 2 d. 

9. 140*4 si,, ft 10 1 1404 021 s M ft. 11 .140 47.1 wp ft 

12. *20*0 *|. ft. 13. 12 77 4. 14. t‘27 Os. Od. 

16 1:4*7S. 16 S2 17 s<|. ft. 17. 4S0 hi|. ft.; 04 ft. 

18. 0S*2h»| ft. 19 .12.1 s«|. in 20. 147*2 0*2.1 

21. *20*100 s<|. ft 22 1.1 is; tt 23 14 4.12 sq. in. 

24. 7 0.1S 8<| m 25 14 .1 m 26. 2*2*S in. 

27. 20 is M<|. yds 28. 1.17 os yd- : IsNl 00 sq. yds. 

29 14 OS It 1.10 797 si [ ft 30 27 IS !lsi, ft. 81. 339*2928 M| in. 

32. 04.11 si | h. 33 4 004 m. 


Exercises X., p. 59 


3. 

lit ; 142 

4. *27*20 lb'. 

5 

SO 2 s<[ V 

<k 6. *240 lbs. 

7. 

449 7 s«| ti. 

8 1*2800. 

ml) H 

9 2 IS 

72 cub tt. ; SOTS llts. 

10- # 

1704 -o It. 

11. 2SU M t 

ft 

12 .1*2 ;i 

!2 : 5*2-8 ; .12 S. 

13. 

01 *01 : .10 

. 58 00 14. 

42 778 

; 3*2*598 

15 4 10,14 0 oul. ft 

16. 

1*2*4 tons 

17. 

£991. 

ItK. 

18. £’17. 1 5s. 2d. 

19. 

590 9 oub in. 

. 21 *tO lbs 

20. 01 

1. 10*279*; 

1. 21. 2475/i Rq. yds. 


Exercises XI., 4 ). 68 . 

1. 2S \4 10. 2 11.17 4 404.10. 5 21 SI *4. 6. 1018*; J 5-442. 

7. 200 lbs. 8. 12*20 gr-ims. 9 11*007; 210-.1. 10. 50*794. 

11. 49 978. 12. ->1441 12 13. 1544 24.1 ; 220-40. 14. 103*2. 

18. 04908*75. 16. 0*4898. 17. 14*29 0.0. 18. 45 24. 19. 7*4 

10. 14*9. cub In. 21. 3 pts. 22. Gold 452*4 silver 1477 grams. 

28. Hollow, cavity 1 c.c. 24. 14 cub. in. 



{ 588 ? 


AXMVKHS 


187, . 


Exercises XII., p. 79. 

1. lOOKrflh in. 2. lit cub. ft 398*72. 

• 3. 13 a*, ft ; SI ; M1U llw f 4. 6*191 ft 

^*3000 kilos* 6 2359. 

7. II 51 ; 9 24.") ml. fi. 8 15 ft. 7 in. ; IMS. .Is 2*Hd. ’ 

9. 1*2 I 5s :>M 10 Mi 4 it. 11. 4*87t* # 

12. 34:4. 13 4984 Sih 14. 1 n 4<1. 

IB 42! 875 mfl ft 16. 172 m, fi # 17. 9 mj. in. 

18. It) ft. S in. ; 1 l in. 19 7980 mb. in : 9s. 2d. 

20 1 .M2 * ill*. It. f 12 Winin'. 21 1091ft 22, 1. 1 2s »k!. 

23. 21 ti cub. tt 24 Jsn In* 2B |."»S IS lhs. 

28 £90. 27 l I It it* It 28 0X85 < nit in : 2.'lti M H>s 

•29^^921 cub. in , 1 "il Mlis. 30 3 509 Ions 31 33 17 toiih. 

32. »32’o lbs, 33 H 5% rod- 

34 34 11- 3B ^7'«x lb- 36 1330 lb- 
37 2 23 mb It ; HI.", ton- 38 7 794 cub ft. • 3193 H lbs. 

39. i-ft 3 050 < III) ft : 190 I 11.- ; (M 0132 cult in . 421*3 lb* 

40. .">00.000 4! S fi 0 1.*, m 

42. On 3 Vi . >/ : 0>) (i) 2' r. • i /‘) ; fit) k't 1 t y l ; (in) \V^ ) y*-\ 

43 17010 rub. ft. 44. |0 III 4B. 2*156 lb. 


Exercises XIII. p. 87. 

1. 402*124 *»«j ft : 160k ISmb ft 2. 95*11 wj ft , 70*93 cub. ft. 

3. 7 979 m 4. 40s 4 «<| m 

5. 21 '48 sq ft ; 3*02 5 wj in. 6 2262 mb in . 07 1 *2 ll.rt. 

7. 1 *57 cult ft. 8.* 237*9 lbs 9. .">197 8 mb. ft : 152*95 tons. 

10 100 33 ll». 11 2 45 iik lies jHT min. 

12. 10 ft. 13 £32 19s. bd. 14 1352 4 mb in. 

16. 30580 llw. 16. 4 07 35 lbs. 17. %0 25 11m. 

18. 1508 lbs. 19. 2222 11* 20 2(4 .54 wj. yds. ; 4353 11*. 

21. 39*5 m 22 I * 9 torn*. 23 2*012 11m.* , 

24. 21*21. 2fl. 49 4Sm, ft ; 13*3 mb. ft ; 19450 list. 

26. 2029*5 cub. in ; 527 4 lbs. 27 fi ft. : £10 14*. 6d. 

28. 1434 11*.; £10. 4s. 8*9d. t 29. 0890 lbs. 30 17*<»4 tons. 
*274 ft* 32. 6*440 in. 33 405 2 11*. 34. 355 lbs. 

17t^fO*2d. 36 *025 in. 37 10 mill. cub. ft. ; 230 tons. 

512 9 lbs 39. 40 8 lbs. 40 67 lb-. ; 728 lbs. 

1$ in. 42. 9350. 43. 1 hr. 21 9 min. 
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* MATHEMATICS? 

to YTV n Qfi * 


Exercises XIV., p. 96. 

500 h(j. ft. ; 045-3 cui> ' ft. 2. o 534 lbs. 

(Mi 59 sq. tt. ; 32 cub. ft. 4.' 47 1*J4 cu 
' JJfi‘4 1W.: 53*11 II,.. 6. 5 L>2 lbs. 

23 "6 inches. 9. 532 '2 <‘uli 

32*507 yd*. 11. 703 3 ft.; 


4. 47 124 cull, ft, ; <VP!>5 *q. Jr. 
6.3-2211)8. S. 24!) 4 


532 2 cul> ft. 

7(i3\3 ft.; 3458087 cub. ytl.t. 


128^ cub. in. ; 2.j\ cub in. ; 177 I sq. in. 13. ^466145 cub. yds 
70 1 It. 1ft. ,*!03 1 It 16 38 "5 sq. in.; 91*29 sq. in. 
3(1382 cub ft 18 20(5 5 < ub ft. 19. 1 1728.5 cub. ft 

22 75 sc | in. 21 IIS in. 22. 12 '57 cub. m. 

(a) 204-2 sq. m.; (/>) 31 1-2 cub. in. 

0») 0 048 in. . t/,) 37 I mill m ; (< ) 50*13 sq. in. • 
in) 211-3 cub. It ; (/,) 11 •lit) It. ; (c| 1 1,7 2 >q. ft. 

°J K)1 1 * 27 357-7 sq. HI. ; 56 r. 

l7SS0;qs. 29. 1815. 

Exercises XV., p. 101. 

6636 mil), in. , 1725 30 II*. 2 3327 1 I>h. 

(531 0 >sq. ,11.; 631 0 cub rn. ; 176 1)11)8. 4. 7843 lb«. 

3 * 5 in * 6 - » s Hi 7. 1 28 03 c.b h 


3327 IbH. 

7843 lb«. 

128 03 cub. ft. 


Exercises XVI., p. 104. 


1. 154 «|. in. , 46-72 lbs 2. s ink hi. 3 . 8-306 in. ; 12*98 is. 
4. 10*875 in. e, SOI 4 0; 12 625. 6. 4 044 in. 

7. 4 hours 32 in in. 8. 4 INKS cub. ft. 9 . 7*446 in. ; 3 385 in. 

!! ?;!"' 11 10 S ' 12. 655-8 lbs 13. 2264 lbe. 

14. (ib‘42 lbs. 15. £29. 13s. 7U • 16. 12 98 in. 


* Miscellaneous Exercises XVII. p 105 


‘1. 1233 lbs. 

4. 96 cub. i*». ; 138-.' 
* 7. 151 -7 cub. tt. 

11. 4r ( where *•- rad. 

15. 9*048 in. 

16. 188-496 mih. in. 
19. 7595 lbs. 

22 . 216. 

25. £1. 17s. 3)1. 

28. 1256-63 sq. ft 
21. 493-3 lbs. 


2. 133-71 ft. 

>28 sq. m. 5, ]$( 
8. 4 083 in. 
of sphere). 
i4. 3 2 ft. 

17. 140900. 

20. 568 ; 426. 

23. 1 084 : 1. 

26. 16 ft. 2-4 in. 
29. 31*37 min. 
ip. £136. 


3. 1033-849 lbs. 

•32 sq. ft. 6. 1 ft 
9. -79 1b. 

12. 1232 cub. ft. 

15. 33*47 tons. 

18. 14-6 In. . 

21. 2324 -71^ ft. 

24. 10-9 min. 

27. 4 in. 

30. 4 43 ft.; 2497001 
33. 1309 lbe. 
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ANSWERS. 189 

(Exercises XVIII., p. 111. 

• 

1. (x + 3)(x*-19). 2. (lOXjl)(r + K). 9 3 (a? 4 5)(a?- 17). 

*(l lx - S)(x + 7). 8. (2x 4 l ){5x - 2). 6. (an 2 4 2y )(x -4 2 -Jjy* 

7^1 6 4- c)(et- - 2»»6 ar 1 6 3 I 6r » <•*). 8. 6* * 

9. (i) C-r- Il){x + 4); («) (x f G)(x • 17). 10. (2-r - 3y)( 7s -2y). 

U. (r-4 2)(x-7). 12. y (x - 3y)(x - 12y) # 13. 5(r ~«)(7« 4 66-V). 

14. ( 1) (3x - 2y) r * 3y ) ; (n ) j (x - Oy) (x 7y) ; 

(iii) (3a + 1/) -4 r) ( (H 5r) ; (iv) (9x 3 4 25y v ) t<V 4 5y) (3>' * 5y). 

18. (3 «-4y) (7x4 r»y). 16 (x y)(« a 5xy 4 7y 3 ). 

17, (x-O'ixy i 4i/ J )(x 4 4/y 4 Kii/M. 18. (llr 2)(x 4 7). 


** •* ^ Exercises XIX., p. 114. 

i an + i r , 5. rr'' *’ r . 6 f^" 44 *. 7. X lu ' fS \ 

8 . x*(a*-» 4- l«r). 9 «'i*(81«» * MaVl Kir 3 ). 

10. (») Wt>s f :U ; 4ii)3\. r >; (»ii) a» '' 11. a ^6 1 *. 

12. J. 13. ttW.V. 14. (ay)". 


11 . 

18. 2r v'fA 


Miscellaneous Exercises XX., p. 115. 


1. 2x 3 -4x*.-r2i ,J - 2/. 

3. X s - 1. 4. 


2. ii) ( A - is 1 4 2 1-' i- T 1 ; (li) s 2. 
S' ♦ 1 « 


6. a* - ,'ViVi 4 6 a"IP ■ \\a\f' \ i>* 

8. 13 86. • # 9. £ 44 

11. (i) x 3 fax 4 tt* ; hi) x* 4 « J »- 4 a 4 . 
14. (3x + y)(9x 3 3 i*y 4 y*) 


8.2a" 7x 4 4 f». 

7. < 5 I ax 4 a 3 . 
10. Suit. 

13. 4x 5. 


18. (i) x 4 4 x‘ - aV* i 
17. a - 26 + 2r - c/ ; 1 


19. x- 


20. a. 


I : (ii) a*’ 4 hi 4 3)«a 4 3a 3 . 

ri- , Ir _ a* 4 6 3 
a i h ’ y a 4 6' • 

- j . 23. (2a + 36) (2a - 36) ; (2a - 36 )- ; (4u-6)(u- 2)/). ' 

(a) (2a -4- 36) (4a 2 - 6« 6 -r 96-) ; (6) xfx-4 2)(2x + 7). 

(a) 6/r 4 1 67* ; (6) 4yi*~ 12/*/ »- (V/ 3 ; 

(C)^ - 4/r 1 ; (X f2)(.r 4 3) : (a - «)(a* 1). 

jy) W 24 70 ; (6) (a ^ 6)(r -* d ) ; (c) (x - y)( r 4 y - xy). 

(a +6)(x - y) ; (x ~ U (x *2). 

(x + 12*35) (x - 11 115) ; (x+H ‘1551) (x 4 2 -877) ; (x 4 3) (x 3 - 3x + 9). 
r 4J. 30. 1*536. 



• MM) 


\vf>rtKsn<|r mathematics.. 

Exercises XXI., p. 121.. 

g 3 a + .r 4 x - .*ty • 2 x - a 

' «i / * ‘.rf 3 y 0 x -t « ' 

rmh(fa I 4// 2 ) ^ 

a 4 - m* * 

' 12 . 

I 

1 C 



8 . 

11 . 

15. 


x- 'lxy \\y- 

18. ^ 

-V~ 

22 . 


2ft " -ah - lr 

a ' -IF ’ •- ^ 


/-It* 


\ . 

26. z 3 . 


28 I OOS , 0 0004 1 1 J 29 (a i (M ^ . («•) “ *‘ V ' 

// 15 > 


30 

M h 
IS *5 ; 

1 2// 5 . if.) HI \,f J t (, ) y (,/) 

27; -10 25; IS 75 

Exercises XXII., p. 125. 

r>x :\y h 0 

1. 

6/ 

2 I.V 3 

21. 4. 

48. 

5. 14. 

6. 

rir 

h ■ a 

7. 8. 

25 

11. 9. 

*> 

10. 1+?. 

11. 

“ , 

12 ’j”. 13 

l!. 14. 

ah 

1?. 

15. ~ l 

16. 

12. 

17. 18. 

n ir } 9 

12. 

20. 13?. 

21. 


22. 5. 23. 

24 2 

25. 1. 

26. ;. 

27. 

-21. 

28. V- 29 ah , . 

2a 5 
30. .. 

a i h 

81. 

32. 1. 


t Exorcises XXIII., p. 128. 

J. 25 and 35) 2. 21: is. 3. 78 yds; 38 yds. 4. <» yds. ; 1yd. 

*8. £100. 13s 4d ; £833. (is. Xd ‘ 6. 2j minutes. 

7. As is £32 5s.. Ha £43, < ‘s £15. Is. Od. 8. £060 ; £340. 

9. 71 ; 51. 10. 210; 37S. li 77,00. 12. lo}" jinns. to 4. 

13. IS; 24. 14. .1,22s; li, 20s. 15 , lo/j past 0 ; 4Ht)\ pastS. 

16. 34. 17. 10. * 18 1470 19. 30, ^6. 

20. 20. 21. 4 days. 22. ,’ s . 23. 0542 amfre^es. 

24. £1. 1 5s. ; 7s. Od. 25. 15 per cent, decrease. 

26. £18. X.n. ; £14. 14s. ; £13. 10.. 



ANSWER! 

101 

Exercises 

XXIV.j p. 134. 


1. 3- -- 4, • y .1 2.x 

3, y 4. 3 

j ' t- - 

5 '• 

ir». y -10. 6. 

r 10, y 12. 

! • r- 

10, v- 4. 9. 

^ 12. 2 V 

10 .» -no, y ID 11 . / 

10, y 30 12. 

.. 13, y 1]/ 

13 * ,v ; 

14 «i 1. y 

1, : 1. ^ 

15 1 *,(fH flf, y Na M 

16. .4-1, If - 

l 

„ u’ - nh r /.' ‘ .»/, 

17. j - , if , 

*> J t> U h 

• ' 

18 *■ 7,'v V 

3. 

* „ ,% 

19. r- - 

20 <■- LV. 

y-2a- /, 

+21. «e~-, *y :V> 22 . 

1, y 1 

23. .<• 4. y~ ■ J. 

24. V. 10, v 7 25 i- 

J'." 5. 

26. 1 3, y - 0. 

. Ir «#- <f/, 

27. r y. . 

rf- • /.< «- » »< 

28 .» 2 ’ , y 

:s.i 


Exercises XXV., p. 138. 


1. 

11 

2 

S, 0, ami 10. 

3 

0; 10. 

4. 

3 and 14 ft. sidi * 

5 2 . 3 

G 

y 2 

000. C500. 

7 

0 ft. 

8. 

1 'i Id |m*i wj ft . lid 

10 

11 

2 1 , ; 3. 

12 

1 1 ; • »] uN 13 IK); 

43 

14 30. 

15. 

18. 

1’450 ; 12 

18 

23 : is7 

/; 040 Ak 3 

IHk ; t’237 Kk 

19 E 

17 01. 

3 13 A’ t 1-OS. 




Exercises XXVI., p. 151. 

2. (i) 

E 

• 1 42 A* 

.' : 

(u 

E 3117 A'. 01 

Mill 

E 

1*714 A" 

•JttO 

0\ 

E -023 A* 12 

(v) 

E 

noAk 

4 a. A 

^S-4A’ 

- 37 ; 

(vi) 

E~ 

•04 4 A’ 

430. 



8. (I) 

E * 

lliAS 

10, 

E~ 

•O730A + 1-S3; 

(U) 

E- 

•04jfv 

■aft. 


111 ,2.7; 

(ui) E- 

-'IlsA* 

i i*>, 

E- 

077 A'-* 1-73; 


E 

. 11 :WR 

■ -Os. 

* V 

1 73 A f • 3 ; 

{J 


■1 AN I 


E 

*13/^ 2 S8 ; 

j* 

E 

- -023 A' j 

•4. 

/■' 

00377/ 1 -1 ; 


E 

: •3SA’ l 

■0*5. 

E 

•0207/ \ -04 ; 

(\ nn 

E 

or. t a* 

■ ‘37, 

r 

1 00 A' _'7. 



WOgKSUOI 


MATHEMATICS. 


k i^~2'7 log *Y~.5*1. 
fi ,* \\) 2-04.7 ]<-k x 4102 ,, n 


\ 


(iijt ^-207 log iV-50, 


o l«‘« 


•m log ^ - -2fU ? 

* *v * 

2 80 l<»g ^ l 1 ’87 , 


l04/<. 


e. a ~.ri or \ -.737. 


•MISCELLANEOUS EXERCISES. 

Section I. Multiplication and Division, p. .163. * 


1. (i) 281-7, (ii) 2817. 

3. (i) :ii (H>, (n) o .3732 
e. 0) 3-123, (ii) 17<0 
7. 117 07. 

11. (1) 7-140, pi) 0 012.74, 
13. (i)0! 300, (It) 12:* I . 


2 (I) 02 2.7, (M)O 10,7(1. 

4. (1)0 012.74, '•>> 7-440. 

6. (i) 410 S. (n) o 0707. 
io 2 IS.7S, :* o:a 
12. (I) o ITOo, (I I) OOO2400. 
14. 70-70. 


Section II. Involution and Evolution, p. 163. 


1. MIS, 1.740 2 1 722, O-Oios. 3. (5102. I -.75. 

4. 1708 O 00 , iio;i 5. :it-7:» I. c. 200. 

8.(1)0 080. 01)2-802. 9 I2.7.*l 10. 1.7 14. 

11. (1)1000, (i0 0 0401 12. 1 014, :i0-y2, 0-02,711. 

13. 17 20 . 14 1,7.78,10,7-4. IB 401 -.1 

% 16. <• I *747 v I0‘ u , P 30.70 17.1,70,7. 

18. 0 0.77.7. 19. I SIO. 20. 0O2S2.7. 0 0049. 

21. J 302 \ 10 s . 22 ms io-. 


Section III. Area, p. 165. 7 


l. 0158 mj. ft. 

3. 24-6.‘lsq. ft. 

5. ,84 fwj. ft. 

7. 143-3 sq. ft., £10. 1.7s, Od. 
9. 30*2l yds., 2,70- 1 sq. yds. 
11 . 219 i ik 


2. 10 00 ft., 44-41 sq. ft, 
4. (i) 173-15, (ii) 172*37. < 

6. 231-4 in., 104 -4 llw. 

8. 1180 f runes. 

10. 13 SI sq. ft. 



IS. Cl. Ah. 5fi47l. 
10.' I lo, *7 yds. 
jA7. 175*i yd^ 


nswk|s. 

14. (j) 2s 42 st]. in., (u) 2H'4,7 
.16. Tt <>>«. 11 -4(! WJ it, 

is. .mi \ds 


Section IV. Volume, p. 166. 


i. 2si:> (mb. ft. 

3. 1 0.1 it , f‘2 ft. 

o mi. 

7. »17.1 1. 

9. !<4!>7 lu lo- 
ll. 127 *J, 42.1 <14 i id* It 

tons. 


6 2 2 11-. 

8 . 14 <il tons 


** \-l tons. 14. 4 14 ms . 1.1.12 sc|. in. 

16* s - 7 124 m , width 11 t m , insiih i.idms 5»d 7 m. 

16. 1'20S0 mil«-.i<#.1o. 1 .102 m 17 s7 PI nil. m. 2(1 21 H 

18. 1 77 7 t nh. m . J.'lil 51 s<| in 

If 72 Mi, 74 2512. in. mi 7-1 0*1. 1 |" < “‘o' 

20. 2lHN> . nh in , mi* i ii d \oinnn o.ios.nl- in. 

21. .‘th 12 st | III . M!Hi I 111) m 22 n ; 1 SHU, In) 1020 

23. 'Hi-74 tons, C21 lhs. Oil 24 l.io s o| m . '727 ton 

23. S.4 70 ml* It 26 20.10 Ite 

27. <'4)0400 28 S'liO. CIO Mis 

T9 107:10000. 30 C 12 MM tSd.Ovls 

31. 5 Id 4. 32 4 47-1, .4 4(17 \ds 


23. S4 751 (id* It 26 -* <l 

27. <410400 28 Mi 

—ft 107 :t 0000 . 30 Cl 

31. dd 4. 32 4 : 

33 1 1 1 nh. in . 0-d si|. in 
34 , 24 .IS , nh m ,?, *7 Its . (Mi Mi -i in 

33. Du. ol s, • ctn .11 li in., nn .in Kid of ii 
36. I Ms 10 2d 37 *42 

38. 217 n \ \(1 k, 7*7<»1 !hs 39 7 ,( 

40. (1) (14(1.7 ft., 144 ton- 41 11 


.in i;id of 1 mi.' .1 2 m 

37 *4224 Hi‘ , 5 1 22 4. 


41 1 1020 li»s. 


.. I 

^ 1 h 1 ) 


.Section V. Algebra, p. 170. 


V s 1 f 

R - 7 r- . u- xy. 


-p 


v;.m. ii. 



WORKSHOP MATHEMATICS. 


. t 

3)(*+4). 

VU* I S)(x HI). 

k2*>. 

13M2r | y-Y a »- 3) (2 »’ - y f - a ~ 3). 14. 

1». • 1«. 

-V 

17. (i - l)(r-3)(*-5). • 


8. (x -3)(.r f 4). 
10. U^Hx 6). 
12. (3.r 5)(4r 1-3). 


(< *>(•< 

I 

/' 1 


ir>)(7^TT)' 

, 0 019. 


Section VI. Simple Equations, p. 171. , 


1 . 

3. 

2. 

4. 

3. J. 

4. 

a 

8* 

5. 

4. 

6. 

8. 

7. I?. 


9. 

9. 

7. 

10. 

fj 

11. ». 

12. 

4. 

13. 

« 

14. 

ah 
a ) h 

w. **.. 

a • 1 > 

16. 

ah -a - 

17. 

1 

ah' 

18. 

a'- V 
h 4(t ' 

». "!) 
a i h 

20. 

«(r- - tr 
a' 1 -t tr 

21. 

ah. 

22. 

a - 1 - h 

~j • 

23. ."'V 
h-Y 1 

24. 

2 ah 
a + h' 


Section VII. Simultaneous Equations, p. 171. 

1. rt-2'2, U (V||, 14 2. <t- 213-Ut y 2d59, y~671*9 

8. t - 18-385, p 8 685. 4.1,3. 5. 0. 6 2, 2.j. 

• 7.10,7. 8.J.I. 9.0-02,1*0. 10. -iV 

11 . S,-*3 7 - 12 - «+*. «• 13. 13, ,V 14. 10, - 7 . 


Soction VIII. Problems, p. 1' 


1. £1. 2s. (kl, £1. Ids. (Hi, fl. 4«. M. g 
3, 55. 4. t*l (is Nd./t^k, Id, £1. S< 


M. 


» :Gi 202J. 
«. \lK 

8. 4 roo^Jta. 


8. 2 miles per hour. 

9. a "42,84, b -- 000916, IT) -807. 25 lmui^£146. 14s. 

10. 456, 304. 11. 184, 1(51. 12. 7»481, 5059. 

18. 6708(H). 14. 44-52, 27*84. 15. 68 yds., 40 yds. 

18. 63, 84. 17. IT) days. 18. 25, 24. 



is. ,ti. 4N. r, c jMWUDn IX. Squared^ Paper, p. 174. 

5 ' 1 1 Vlas* o-oaort, --*u. • s. n». 4 #■<>• 

Jjgj&0 ' % 6. 3 749. -1-097. 1*559, r -2*. 

8. 11115. * «-IH. b 0-^ 

10. <>*4, 1-fir,. 5M J , 145’, ST. # n. 0,, ~ 4 - < 

12. ‘2-34 o, 0*452. 13 0-42H, 1 Hft. 14 2 2, 13. 

^15. £1100000* 16. 1330 fi . I7<»0* 

17. <; 20 P f ‘230 ; 230. 18. 1 IS 0, Kin H, 213 3. 


19. yt.VH^ 14350, 14740; 11350 < ul,. fl. 


22. x -- 12 03 in. 


24 I, IKm. • 36 700 M|. ft. 26. 202SOOO till,. ft. 

Sjfr 0 ai37, | >-4. is I- :« < ul.. ft. 

M.'XlJI. 30. 17 M3. 



INDIA'. 


AllHf ISSU*’, JIMS l>f, Ml. 

Annin plamnu-tet . 

Annulus, ar< ,i ot an, |n 
A|)jii ovtm.it uni, 70, 117. i" nuMi 
onlliinte, Hi; Ibilikim - 32, .'is 
Alt , leiigl li of .1 cn i'ii l.i i , ill 
Ann, of .in .innultis, in, nt . 
ein le, :»h ; of .in rllipNC, II . «>! 
•in nulitMloi til. i gi , 1111 , 17 ; of .u 
inegului figme, I.'* : of ,i so tor, 
.‘III; hy vjii.iMMl ji.i|M'i, 30. 

Asy mptotcs, 159 
Avenige t*i ohs section, .VI. 


| Density, (J7 ; ichitive, i«. 
[Division. 2 : by loguiythm*, 10; 

j by Hide | t||f, 27 

! 1 Mio.IuIUI.i 1 n, 1 . ^ # 

I 

l.llllllIMt loll, I Mf 

1 M1ij>m\ .him, of, 41 ; i imimfotTiiu 

ni, 33 

i Initiation, of ,i Inn , 1 |;{ ; <| ii.ulr.it it‘, 

| Ml; 'iin|)lf, I 23 , simultaneous, 

j 130, i .70, 

Ksi im.it ing, 77. 

i Involution, l»v logarithms, 1 ,** ; 

■ slide tu In, 21>. 


I>i ickvvork, 7S. 

Ill itisli meuMin s of volume, 03. 

(Wilful, it i no ni.u linus, 1. 

Capacity, unit ol, 03 

(.’nit iv of gravity, 5S; ot iricgular 
figures, 59; i>t lunit'trit .il 
« figures, AS ; of .i tininglr, 5s. 

Circle, area of, .‘10. i itftiintnrn. e 
of. .‘10 ; length ol ,in ,ui‘ of. :ti , 
area of a sector of, 39 

Cirotimsoi ihtngf'ylitidei , 102. 

Cum inference. ot n t in If, 30; ot 
an ellipse, 33. 

('out', 7*2; lateral ail r face, 05; 
volume, 94. 

(Voss section, Hfi ; avivagCi 53. 

Cube, 74 ; volume of, 74. 

Curve plotting, 150. 

(Vluitln, 71 ; circumscribing, 102; 
hollow, SO ; ol»lit|ue. S5 ; section 
of, 85; surface of, 83; volume 
of, 83. 


I 1 Du tom, 10-8; obtained by bu'Iu 
I stitution, 111. 

1 Kl.lCtlOlIN, I IS 

I I i ml iiin^ol a <^no, 90 ; of a eyluj- 
j 'In , Stj ; 31 n pyramid, 93. 

( Ir.iplitc methods, 1 40 
tii.mtv. centre of, 5S ; .sjiecific, 
OS 

Mreat circle of a aplieie, 101. 

Hatchet plain meter, 55. 

Highest comimm\aetor, 119. 
Hollow, cylinder. : judiere, 104. 
j Hyjp^rbohi, reetnngtimr^iSD. 

| Indices, 1 12, Ntffr 

I Indicator tfffc'ram, area of, 4 tNw 
involution, by** logarithms, 13; 
slide rule, 27. 

I Irregular figure, area of, 45. 



INDEX 


Labour iivitiK nl*thi>«l.**, I 
Ut«J *irtaee, eylimler, H4 ; 
<*om . of> 9 

Xrn^ tlt , t L^cnbu im 1 , 31. 

lUng, I 12; f«iu.ili«»n ot a, 

l/iw e*m * onunon mull i)ile, 1-** 

Lnu.tr it inn-. mininon, 12: <1 i\imou 
b\ , 10; « Volition, !•»: llivolu 
— * lion. Ill: inul1i|)h- .limn, 0 . 

XlllilUl lull <11 li\ jxl bob' , IS,, 

iul # ‘*W IS • ut ,s > 1,14 : i 

i 


% 


ulyp 

truimoimut ion <>t, 10. 


^bu ' mjicn, . all uLil Mitf. - 

meul ot volume. 02 
\lc'i -^i s ol^^lmm , Uni nil, I’m.' 
uulne, 

Mull'plie.it toll, 2 . b\ 'lu< all ■ Mil, lb. 

3 ; b\ lojul II bin-*, 0 ; b\ "I I'll* j 
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^A Brief Sketch of Social and Industrial 
HT%(on 


By Howard Cri<ss\, Author ol “An Outline of Industrial 
Histor).* Crown 8\o. 4s. 


Journ.il of luUutitwn " 1* xr «'l!i nl book . It is eminently fitted 
to serve as a hist sketch of the subject for pupils in elementary, 
secondary, or continuation »ihoo)s ” 

Sch oolmaster — " 'I he book is ably and fully illustrated throughout, 
" a SM®ould prove a most useful ally to teachers of older pupils, ,-cs well 
as an mtciestmg reader to all who vudi to know the carious causes 
leading up to present conditions m social and industrial luiglami,'' 


An Introduction to Technical Electricity 

By S. G. S|aki.in<;, B.Sc, A-JCGSc. Croton 8vo. 4s. 

EUctrtcal MuiV “ It is clearly written, and the subject matter is 
likely to make Jvory direct appeal to a threaders. . . . The lx>ok is 
very goocWjfld^fan confidently l>e re< otmm^ded 
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By ,'arky Hakpkk, U.Sc.(I.oml.), A.K.C.S. Crown 4s. 

Nature Evidently the work of an experienced Readier. The 
reviewer has taught students of a textile tent re on similar lines, and 
is of opinion that the hook should he most successful." 

Journal oj luluiatxon, Of gieat value to students artftr telthers 
alike." 

Principles and Practice of Bn^aestP 

With Examination (Questions m the Theoiy and Practice of 
Coin metre, Business ( li^ani/ation, and Commririal Cor- 
rcspoiulciK c. H\ (i Mmkki, 1 titter in Commerce at 
the (’it) of London College. Gown 8vo. 5s. 

Journal of liihuation “ Herr is a hook, useful, readable, accurate 
in the mam, suitable both to its purpose ami to its public, which 
recommended to those teat hers who wish lor a text-book, and toX&j- 5 
students who wish to read the subject without the aid of a teacher.' 

Ah Introduction to Engineering Drawing 

By J. Duncan, Wh.Kx., M.I.Mech.E Crown Svo. Svo. 4s. 

English Mechanic . — " Will be found useful to young students. , . . 
It provides a coiftac which '/til viable them to ma, e drawings in a 
workmanlike mauner." 
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